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INTRODUCTION 


I T is not a mere pleasantry to say that the cannon was the 
first internal-combustion motor but, although the principle is 
the same, it is a far cry from the single discharge of burning 
gas from a big howitzer or the succession of discharges from a 
machine gun to the orderly and perfectly timed explosions in a 
single or multi-cylinder internal combustion motor. 

flThe difficulties of control, valve action, and timing, which 
are obvious even to a layman, prevented the rapid development 
of reliable ty{>ea during the period from 1800, the date of invention 
of the Lenoir engine, to the advent of the multi-cylinder auto- 
mobile motor. In the last decade, however, the b(‘Ht brains of the 
mechanical world have been developing not oidy the automobile 
types with their iwppet, sleeve, and rotary valves and their 
silent and efficient action, but also the larger single cylinder, 
single- and double-acting types for stationary use, until today 
the gas engine holds a well recognized place among prime movers. 

4 One of the factors which appeals must to the engineer and 
financier is the high efficiency of theanternal combustion motor 
as compared with the external combustion type^ like the steam 
engine and steam turbine and where the question of fuel is easily 
solved, this argument of efficiency usually carries the day. The 
.d velopment of Diesel types also has had a t^jndency to broaden 
tbe field of activity of the gas engine. This highly efficient 
motor is capable of burning almost any kind of fuel on account 
of the high pressure at which ignition takes place and its flexibility 
has made it particularly adaptable to large units in stationary 
and marine work. 

f The authors of the work are specialists of the highest order 
in this line and their professional standing is sufficient guaranty 
6 ( the scientific accuracy of the article and the practical appli- 
cations which are given. They have produced a thorough, up- 
to-date, and reliable treatule, one which will appeal both to the 
Miied engineer and to the layman who is merely interested in 
fisoiiiating field of activity. 
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PART I 


GAS AND OIL ENGINES 


INTRODUCTION 

Classification of Heat Engifies. The heat engine is at pre^nt 
the most important of all tlie available generators of power. Its 
purpose is to convert into work the heat derived from tlie combustion 
of fuel. 

Heat engines may be divided into two broad classes, according 
to where the combustion of the fuel lakes plaf*e. In one class the 
combustion takes place entirely outside the working cyliiuler. the heat 
of combustion being transmitted by conduction through the walls of 
a containing vessel to the sid)stanc‘e whi(‘h (“onstitutes the active 
working agent. Such engines may be called ejtterual-cojnbiistuut 
motors. The most common example of this class is the steam engine. 
Another example, which is but little used, is the hot-air engine. If 
the combustion takes place inside the engine itself, or in a communi- 
cating vessel, so that the products of combustion act directly on the 
engine, we have an engine of the second class— the so-called interna!- 
combustion motor. Gas and oil engines are the most c*ommon 
examples t)f this type of motor. 

EXTERNAL-COMBUSTION MOTORS 

Characteristics and Efficiency of Steam Engines. Engines of 
the second class have certain inherent advantages over external- 
combustion motors. In the steam engine — practicallj' the most per- 
fect of the external-combustion motors— the heat of combustion gen- 
erated in the furnace passes through the plates of the boiler to the 
water on the other side. In the best modern plants, in which the 
boilers are equipped with superheaters, about 22 to 25 per cent of 
the heat i.s wasted during this process by radiation and by loss up 
the chimney. In plants not equipped wdth superheaters the water 
in the boiler is heated to a temperature which does not exceed 
400* F., at which temperature its pressure is nearly 250 pounds per 
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square inch. (If the water were heatad to a much higher temperature, 
the pressure would be too great; for example, at 500® F. the pressure 
would be 7(X) pounds, requiring boilers and engines stronger than arc 
at present practicable.) In miKlern plants, equipped with super- 
heaters, the steam is superheated to a maximum of 650® F., at a 
pressuM of 175 to 200 pounds per square inch. The products of 
combustion in the furnace have a temperature w’hich is seldom less 
than 2000® F Consequently, even with the use of superheated 
steam, there is necessarily a very large drop m temperature as the 
heat passes through the boiler plates. The proportion of the total 
heat going to an engine, which can Ixj converted by the engine into 
work, depends chiefly upon the temperature range of the working 
substance; and in the steam engine this range is matle comparatively 
small, not exceeding 3(X)® F when 8aturate^l steam is used, and 
550® F, when su|x*rheated steam is used. 

Consequently, a steam plant not only loses much of its heat up 
the chimney, but also is able to convert only a small part of the heat 
that goes to the engine into work. In the best modern steam engines 
and turbhies only about 20 to 22 per cent of tlie heat going to the 
engine is converted into work, about 16 to 17 per cent of the heat of 
combustion of the fuel is converted into work in the best modem 
steam plants. The ordinary steam engine does not convert into 
work more than from 6 to IQ per cent of the heat of combustion of 
the fuel. An economical «eam plant consists not only of boilers 
and engines, but has also a large number of auxilianes, such as feed 
pumps, air pumps, condenst'rs, feed-water heaters, economizers, coal 
conveyors, and steam traps. After shutting down, it requires con- 
siderable time and fuel to raise steam in the boilers befdre the plant 
can be put again in operation; or. if the tires are kept banked so as 
to maintain steam pressure while the engines are not running, a 
considerable amount of fuel will be used for this purpose widwut 
any corresponding work lieing done. 

INTERNAL-COMBUSTION MOTORS 

Characteristics and Efficiency of Gas Engines. In the internal- 
combustion motor, where the fuel is a gas Or volatile oil, there is no 
apparatus corresponding to a boiler, and no losses corresponding to 
the boiler losses. If the fuel is coql, it has to be converted into gaa 
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before it can be used in an .ntemai-combustion motor; and this 
necessitates the use of a ^ producer, in which some heat will be 
lost, though not so much as is usual in a boiler. The fuel, being 
burned in the engine, gives there a temperature of from 2000” P. to 
3000® R, so that the temperature range in the engine is very large — 
from 2 to 3 times that obtaining m a steam engine; consequently, 
the engine can be more efficient— that is, can convert a larger pro> 
portion of the heat of combustion into work— than in a steam plant. 
The high temperatures are not necessarily accompanied by high 
pressures, because it is air— not hot water— which is heated to those 
temperatures. In practice, the best intemal>combusti 0 n motors 
have converted 35 per cent of the heat of combustion into work, or 
twice as much as the best steam engines; and the ordinary small gas 
enpne will convert from 15 to 20 per cent of the heat of combustion 
into work. The intcrnal*combustion plant is also much simpler, 
having but few auxiliaries. The number of men necessary to run a 
large gas-engine plant is small. The plant is ready to start up at a 
minute’s noti<'e, and the standing losses are very small or nothing. 
When a liquid fuel is used, the absence of a boiler or other aiudli- 
anes makes the internal-combustion motor lighter, more compact, 
and more easily poitable than any other motor. The absence of a 
boiler also does away with the risk of disastrous explosions. Con- 
sequently, no inspection is required by law, no license is necessary 
for runmng the plant, and lower rates fOr insurance are secured. 

The practical use of the intemal-combustion motor is a com- 
paratively recent development. The last twenty years have brought 
about great improvements in its operation, a marked increase in its 
use, and a large extension in its various applications. The internal- 
combustion motor is less uniform in its speed of rotation, and is more 
ludde to derangement than the stedhi engine; but these difficulties 
havS been largely overcome, so that modem gas engines are used 
for electric lighting, and have a reliability but little short of that of 
tjie steam engine. 

Fuels Used. The fuels used in external-combustion motors 
may be solid, liquid, or gaseous. In intemal-combustion motors, 
solid fuels must be gasified before they are taken into the engine, 
because the incombustible matter, or ash, present in them, would 
rapidly destroy the rubbing surfaces in the cylinders. The actual 
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fuels going to the engine are either gasdbus or liquid, and the latter 
may be sent into the cylinder either as a vapor or as a liquid. There 
is no essential difference between engines using gas and those using 
oil; the ^cle of operations occurring in the cylinder is the same with 
both kinds of fuel; the only clifferences are structural and the addi- 
tion of s|iecial ap|)aratus fur vaporizing the oil. An engine can be, 
and often is, (pnckly converted from a gas to an oil engine. 

In the pres<‘nt w«)rk, whatever presentation is made of thermo- 
dynamic theory applies to both gas and oil engines. The features 
of oil engines are treateii after the discussion of the gas engine. 

HISTORICAL SKETCH 

The history of the development of the intemal-combu.stion 
motor begins with the invention of cannon. A gun is a motor in 
which the working substance is the gas resulting from the combustion 
of the powder, and in which work is done on the projectile, giving it 
kinetic energy. Such a motor is not continuous in its action, but it 
offers possibilities of a practicable engine if the powder charge is 
small and the projectile or piston on which the gases act is restricted 
in its movement. The earliest internal-combustion motors devi.sed 
for doing useful work were intended to use gunpowder. The first of 
these was suggest « h 1 by Ablie Ilautefeuillc in H)7S, and was followed 
sliortly by others, none of whieh were practically realizable in the 
slate of the mechanic arts at that time. 

It was not until the discovery by Murdock, near the end of the 
eighteenth century, that a (xmibustible gas could lie obtainetl from 
coal by a prot'cssof distillution.that » practical internal-combustion 
motor was pos.sible. As soon as the properties and method of manu- 
facture of coal gas liecame known, numerous attempts were made to 
use it in engines. I'p to the year I860, many engines were devised 
and patented, and in si^veral cases constructed, operated, and sold. 
None of these engines, however, can be said to have been satisfac- 
tory. They were irregular in aciion, noisy, wasteful of fuel, and in 
general had practical deftrts. 

^ Lenoir Engine. The Lenoir fngine, which appeared in I860, was 
the first really practical gas engine. Hundreils of these engines were 
made and sold; ami the givatest interest in this type was aroused in 
France, where it was built, and in Engiaiid, where it was largely used. 
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In general appearanee, the engine reseinhles a double-acting 
horizontal steam engiite. The cvlinder, shown in horizontal section 
in Fig. 1 , has a separate admission jH>rt a and exhaust port b at each 
end. ' The valves are simple slide valves, driven by eccentrics* and 
so designed that tiie insule^eilges alone iUK*over the port:^ The 
valve G is used for the admission of the explosive mixtur<‘, which con- 
sists of air entering the valve cavity from d and gas coming through 
one of the branches r of the gas pi|H‘,and passing through the hole 
t in the valve. The air and gas enter the jmrt a through a numlier 



of srqMI holes, in w'hich they are thoroughly mixeil; and the mixtuft; 
is exploded in the cylinder, when desired, by an electric igniter n. 
The exhaust is through the port 6 and the cavity in the exhaust 
valve // to the atmosphere. As the cylinder rapidly becomes very 
hot, it is provided with a water jacket. 

The series or cycle of operations which takes place in this engine 
is as follows : During the first part of the stroke, the ailmission valve 
0 uncovers the port a, so that a mixture of air and gas enters the 
qdinder, filling the space behind the piston. At half-stroke, the 
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valve closes the port, and a spark from an induction coil passes 
between the terminals n of the electric igniter, exploding the mixture 
and raising its pressure to 60 or 70 pounds per square inch. The 
pistoh is then forced to the end of its stroke, the products of com- 
bustioi^ expanding behind it. At the ^nd of the stroke, the valve 
H uncovers the exhaust port, and keeps it open throughout the 
whole of the return stroke, so that all the products of combustion are 
expelled to the atmosfdiere. A similar cycle of operations occurs on 
the other side of the piston. In Fig. I, the valve G Is just opening 
the port at the left, so that admission may take place there; and the 
valve If is just oi)ening the port at the right, so that exhaust may 
occur from the other end of the cyliiuler. A reproduction of an 
indicator card from this engine is shown in Fig. 2. 

This engine gave considerable 
trouble in many cases, but the 
principal reason for the falling-off 
in its use was the large amount of 
‘gas it required. It used from GO 
to 70 cubic feet of coal gas per 
indicated horsepower per hour, or 
from three to four times as much as 
a modern gas engine, so that it did 
not compare very favorably with the steam engine in its running cost. 

Otto Engine. Four-Stroke Otto Cyrle. In the year 1862, it was 
pointed out by a French engineer, Beau de Bochas, that in order to 
get high eiHmomy in a gas engine certain conditions of operation 
were necessary. The most important of these conditions is that 
the explosive mixture shall be compressed to a high pressure before 
Ignition. In order to accomplish this, he proposal that the cycle of 
operations should occupy four strokes, or two complete revolutions, 
of the engine, and that the operatioms should lie as follows: 

(1) Suction or admimon of the charge of gas and air through* 
out the complete forw ard stroke. 

(2) Compreaitum of the explosive mixture during the whole of 
the return stroke, so that it finally otrupies only the clearance space. 

(3) Ignition of the charge at the end of the secomi stroke, and 
etpQMion of the exploded mixture throughout the whole of the next 
forward stroke. 


n«. i. Indicator Card o( I.<>noir Kncine 
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(4) Eihaiat, beginning at the end of the forward stroke, and 
continuing throughout the whole of the last return stroke. 

Fig. 3 is a diagram showing the operations of the four-stroke 
cycle. 

This cycle was not acVially used until 1876, when Df. Otto 
adopted it in his engine and thereby produced the modern gas 
engine. The four-stroke cycle of Beau de Rot^has is now universally 
known as the “Otto 
Cycle". 

Diesel Engine. 

Four-Stroke Diesel or 
Constant- Pressure Com- 
bustion Cycle. In 1872, 

Brayton took out Amer- 
ican patents on an en- 
gine adapted to bum gas, 
and in 1874 patents cov- 
ering an engine adapted 
to bum liquid hydrocar- 
bons. These engines 
were the first in which 
the fuel was burned at 
constant pressure. It was 
a thoroughly practical 
machine and found con- 
siderable application, but 
its maximum pressure 
was only about 45 pounds per square inch; consequently, its econon 
was so low as to prohibit its competing with other engines. 

In 1895, Dr. Rudolph Diesel produced an engine which, with i 
improvements and modifications, is, to date, the most importai 
development in heavy oil engines. In this engine, air alone is con 
pressed in the engine cylinder to such a pressure as to heat it aboi 
the ignition point of the oil fuel. As this high pressure is reaclu 
gradually, it does not cause a shock to the engine, such as i 
explosion which reached the same pressure would give. 

At the end of the compression stroke, when the air is at this hi| 
preasure and temperature, the oil is injected into the cylinder by a 



Fig. 3. Disgram Showiiu Oparation ol OUo Four*Slroki 
Cyrla; liower Part o( Dtagram, Ntar 
Atmoapbara, Eiaggeralcd 
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which has been compressed to a still higher pressure in a separate, 
small compressor. The oil spray is valorized, or atomized, and is 
ignited as it enters, by the hot air. Since the piston is moving 
forwaVl, and the oil va])or is burned as it enters, the combustion 
can bc*niade to occur without increasg of pressure; in the actual 
engine tlie pressure drops slightly. The method of burning is, in 
fact, essentially similar to that of an ordinary gas burner, and not 
to that of an explosive mixture; consequently the oil will burn with 
any excess of air present. The power of the engine is regulated by 
govertung the proportion of the stroke during which oil is injected. 
The other events in this cycle take place exactly as in the Otto 



Fl|. 4. Indicator C'*rd of Diwel Four-Stroke Cycle 

cycle. Fig. 4 is a diagrai^ showing the operations of a four-stroke 
Diesel cycle, having the lower part of the diagram, near the atmos- 
phere line, exaggerated. 

THERMODYNAMICS OF INTERNAL- 
COMBUSTION CYCLES 

OTTO CYCLE 

• 

Explosive Mixture. In OtU>-cycle engines the explosive mixture 
in the cylinder consists of air mixed with a smaller volume of the 
gaseous or liquid fuel. For instance, if the engine uses gas supplied 
from the city mains, the mixture will average about 8 or 9 parts of 
air to 1 of gas, and shouhl never have less than about G parts of ur 
to 1 of gas. This mixture will liehavc, up to the time when the 
explosion takes place, as if it were pure air. Also, the products of 
combustion, after the explosion is completed, have physical proper- 
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ties only slightly different from those of air; and, consequently the 
working substance in the cylinder can Im* regarded, without serious 
error, as consisting entirely of air. In the following discussion of 
what ot'curs in the engine cylinder, it is assumed throughout that 
the substance in the cylinder has the physi< al pro|H'rtics of o^r. 

Ideal Cycle. Admission Sirolce. The jirocesses taking plai*e in 
the cyliinler of an uleal engine are best rcpresentiMl on a pressure- 
volume diagram. At the beginning of the cycle the jiiston is at the 
end of its path and is aUmt to begin its oiitstrokc. The clearaintr 
space is full of products of combustion; the pressure is atmospheric 
pressure, because the cylinder has been in communication with the 
atmosphere through the exhaii>t valve, which has just closeil. The 
condition existing in the cylimlcr 
at this instant is represented in 
the diagram. Fig. by the point 
It whi<h is at a horizontal dis- 
tance from the vertical axis reji- 
resenting the clearance volume, 
and at a vertical distance afmve 
the horizontal axis representing 
the atmospheric pressure of 14.7 
pounds per square inch. As the 
piston makes its outstroke, the aflmission^valve ojKms, admitting the 
charge to the cylinder throughout the stroke; and, as the cylinder is in 
communication with the outsule air through the air-admission valve, 
the pressure in the cylinder remains atmospheric ])rcssurc through- 
out the stroke. On the diagram the ailmission is reprc.sented by the 
line 1-2, which is at tlie constant height, representing the atmospheric 
pressure, and whose length represents the volume of the charge taken 
in, which is the same a^the volume through which the piston moves. 
The point 2 represents the condition at the end of the first stroke. 

Compressum Stroke. The admission valve now closes, and the 
piston makes its return stroke. Since all the valm are closed, the 
charge cannot escape and Is crowded into a smaller volume, while its 
pressure rises. The process cfuitinues until the piston reaches the 
end of its stroke, at which time the whole charge is compressed into 
the clearance space. This process is represented by the Hne 2-3, 
which shows the rise in pressure resulting from the compression. 
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A compression of this kind, occurring without the addition or the 
abstraction of heat from the gas, is called an adiabatic compression. 
It causes an increase, not only in the pressure, but also in the tern* 
peratifre of the gas. It is the process which takes place in the work- 
ing of ordinary bicycle pump, and which causes its rise in tem- 
perature. The relation between the pressure of air and its volume 
when subject to adiabatic compression is 
PK*"*®** constant 

Note carefully that in this equation P means the absolute pressure, 
and not the pressure shown by a gage. If exchanges of heat occur 
between the gas and the cylinder while the compression is taking 
place, the relation Iwtwecn the pressure and the volume of the air 
can usually be represented by the equation 
constant 

where n has a value greater than 1.405 if heat is added to the gas, 
and less than 1.405 if heat is being abstracted from it, during the 
compression. Compressions following this equation are often called 
"poly tropic compressions". 

Power Stroke. When the charge has reached the condition 
represented by the point 3, it is ignited, and the heat generated by 
the explosion raises the temperature, and consequently the pressure, 
of the mixture. The comburtion occurs so rapidly that the pi.ston 
has not time to start on the outstrokc before the combustion is com- 
pleted, and the rise of pressure occurs, as is shown by the line 3-4. 
while the volume of the gas is constant. The hot protlucts of com- 
bustion at the pressure P* now force the piston out, ^nd, expand- 
ing behind it, they fall in pressure. This expansion, occurring 
without communication of heat to or from the gas, is adiabatic 
exparuian, and is consequently accompanied \{y a fall in temperature 
of the gas. If heat is added or abstracted, the expansion is po/y- 
tropic, but not adiabatic. The equations of adiabatic or polytropic 
expansion curves are the same as those of similar compression curves. 

Exhaust Stroke, At the point 5 the piston is at the end of the 
stroke, and no more expansion is possible. The exhaust valve 
opens, and the pressure in the cylinder falls immediately to atmos- 
pheric pressure, as shown by the line 6-2 in the diagram. Through- 
out the lait return stroke, 2-t, the exhaust valve remains open, se 
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that the pressure in the cylindc^ remains atmospheric pressure. The 
completed diagram, Fig. 5, shows the whole series of pressure and 
volume changes occurring in a gas engine, and is such a diagram as 
would be taken by an indicator from a perfect engine. Tha area 
s#-5-4-«5 cnclo.sed by the diagram represents the work done by the 
engine per cycle. * * 

Pressures and Temperatures During the Cycle. The pressures 
and temperatures of the working substance, and the amount of work 



done in an engine which exactly follows the Otto cycle, can be readily 
calculated. Starting at the point f , Fig. 5, there b present in tbe 
cylinder a volume Ft at atmospheric pressure Pi and at the tempera- 
ture U, which will be assumed to be the temperature of the air as it 
came into the cylinder. 

PrtMure After Compresium of Gat. The working substance b 
compressed adbbatically until it fills only the clearance volume F|. 
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The consequent rise in pressure can^ calculated from the formula 
already given; but it is more simply obtained from the adiabatic 
ctirve, Kig. (i, which gives the relation l)ctween the changes of volume 
and af pressure in a4liabati(‘ expansion or compression. The hori- 
zontal scale in this diagram is the ratio of expansion or compression, 
and the vertical scale shows the corresponding ratio of the pressures 
at the beginning and end of the expansion or compression. If, for 
example, the working substance expands adiabatically to five times 
its original volume, tlie pressure (which varies inversely as the 

volume), is shown by the curve to fall to of its original value. 

9.0/ 

Conversely, if tin* working substance is compressed to the original 

0 

volume, the pressure rises to 9.07 times its original value. Conse- 
quently, the pressure ai the p/»int .i, Fig. 5, can be found by the use 
of this curve. 


Example. A gas engine with |M‘r cent clearanre takes in ita charge at 
14.7 pounds per square inch preasure. What is the prossuro at the end of the 
Adiabatic (*omprc.*tHion? 

Solution. The clearance volume T, is 33 J per cent of the volume Vi — K», 
through which the piston n/oves; or 


and 


4V,-r, 


V, 


From the curve, Fig. 6, if the ratio of rompreseion is 4, the corresponding 
ratio of pressures is 7 (a more accurate determination shows thus value to be 
7.0ft, which will be useti in the subeequent problem), so that the pressure at the 
end of compression is 7,06 times the pressure at the beginning of comprerinon. 
Therefore, the prenure at the end of compreesion, Pi-7.06XI4.7, or 103.8 
pounds per square inch, absolute. 


Temperaiure Afirr Compremon of G<u. The temperature at 
the end of the adiabatic compression, or other "poly tropic coilipres- 
ftions, can be found from the equation for a perfect gas. This may 
be stated in the form 


PV^tcRT 
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where w is the weight of the gas; li is a <'(»iistaiit for my jx'rfect gas, 
ami has the value 53.2 for air; P is (he pressure in iMiumis {ht scpiare 
foot, absolute; and T is the absolute temperature (tf the gas. The 
weight of the gas is eonstaut throughout the adiabatie eomprrtsion, 
and can be found from the {mint i if Tj, and 7j urejvuown. 
The teinptTature at S can then be fouml from the equatioi\ 
/M’a-rr/fr, 

where denotes the pressure in pounds per square foot. Hence, 
to reduce pressures expre^^M'd in i)ounds |M*r scpiare ineh to pressures 
|x*r s(|uarc foot, a factor 141 must be used as a multiplier. 


Example. As.suniing lhi‘ routlilioiis of flio provioim proMem, iiml siif)- 
posifiR tlic tompcratiire of thf itir it) Im- iMf F., whal the lemiMTiitiirc of ihc 
charge at the end of I he ctmipn-ssion? 


Solution. 


Mao 



uUTt 

It TV lUXVt 
GO {- IG! 


Uearraiiging terms and .substituting for uR its value from the preceding equa- 
tion, wc have 


T,- 


p 1' V ^ 

U'.i 1.7X144 


but 

Vy I 
V, ' 4" 

Therefore, subetiluting the values of l\ and 


and 


7-..103.8XU4x|x,-J^V44 

f,-458.6*F 


, we have 
919. 6“ al'wlulo 


•Tmperaiurc Rise During Explmion. The rise in temperature 
during explosion depends on how much heat is generated, which, in 
turn, depends on the strength of the explosive mixture and the heat 
of combustion of a cubic foot of the fuel. IvCt // be the heat of 
combustion of a cubic foot of the fuel in B.t.u., and let the mixture 
consist of 1 part of gas to L parts of air. The total volume of the 
diarge taken into the c>'linder each admission is 

r,-ITcu.ft. 
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the volume of fuel in this charge * 
and the heat of combustion Q of this fuel is 


This heat is utilized in raising the temperature of the gas from the 
known temperature Ti to another temperature Tt. The rise in 
temperature can be found when the heat necessary to raise one 
pound of air one degree in temperature is known. This amount of 
heat is called the upecific heat It is represented by the .symbol C, 
(the suffix iiidicating that the volume is unchanged while the tem- 
perature rises), and is equal to .160 B.t.u. for air. With a weight 
of w pounds, the heat necessary to raise the gas one degree in tem- 
perature is 

v'C, B.t.u. 

T6 raise the temperature f*— Tt degrees, the heat supply is 
icrdTi-r.) B.t.u. 

and 'the heat of combustion is used entirely in raising the gas from 

r, to Tv 

Therefore 

Substituting for ic its value from the general equation 
Rearranging terms and solving for T^- Tt, we have 


Tt-Tt 


Pt Vt 


Example. In the previous prt^lrm, if the charge- taken in consiata* of I 
part of gas to 7 parts of air, and the heal of combustion of the gas ia 640 B.t.u. 
per cubic foot, find the temperature at the end of explosion. 

Sefwflen. 

A-53 2: r, «»1; // -640; P,-U.7; C,- . IW; L+l -7 + 1 -8; and Ti-«0.e 
W- Ki - V?~ Vi; because volume Ki - according to Fig. 5. 


V. 

Vi’ 
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Subititutinf the proper vatuea in the^uation, wc have 
r y MO 53 2X521 1 ^ 

* * 8 ^14 7X144^ 169^ 4^ 

r.-4649+T, 

-5588.6” ahflolute 
fi-5107 6' ¥ 

• * 

If a perfect gas is raised in temperature, while its volume is un* 
changed, the absolute pressure will increase in exact proportion to 
the rise of absolute temperature; or 

P*:Pz.:h:h 

• D _ D 


Example. What is the pressure at the end of explosion in the preeadinf 
problem? 


r/’ 

X 103 8 lb per sq. in., absolute 
-628 6 lb. per sq. in., absolute 

Pmsure and Temperature at End of Expansion, The pressure 
and temperature at the end of the adiabatic expansion can be found 
most simply, after the other pressures and temperatures are known, 
by making use of a relation which exists between the pressures and 
temperatures at the points jB, 5 , 4 , 5 These relations arc 

t’i rt / j / « 

Example. What arc (a) the pressuros, and (ft) thr trmpfratursa, at the 
end of (hf adiabatic expansion in the preceding problem? 

SolrUum. 

(a) P»-^XP4-J^^X628 6 - 89lb.pcrsq in ,abaolut« 


9 lb. per sq in., absolute 




X5668 6 - 3155* absolute -2694* F. 


Work Done by Heat Engine. The work done by any heat 
engine is equal to the difference between the heat which goes to the 
engine and that which is rejected by the engine, because whatever 
heat disappears cannot have been destroyed and must have been 

Tte nUp ti Ibt piMMum css bt obuiaad from tb* mm, Pit. 6, UsM tbs ratio at 
thovaltM-^tokaerra. But P«-P,;ibM«for« aad ^ 
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convcrtwl into work. In the Otto%'clc the heat taken in has been 
seen to be 

Q»a-C,(r 4 -r,) B.t.u. 

Heat is rejected from the engine only during the process repre- 
sentet^by the line because, wheu the charge gets back to the 
condition g, it has returned to its original volume and pressure, and 
consequently to its original temperature. The heat rejected is then: 
QR«iv(\{T,-n) B.t.u. 

And consequently, the work done per cycle is found by subtracting 
the icjectcd heat from the heat taken in and substituting for the 
B.t.u. its equivalent, 778 ft.-lb. Thus: 

B.t.u. = 778 {Q-Qr) ft.-lb. 

EjSUciency of Cycle The efficiency of the ry<ic- that is, the 
fraction of the heat supplied that is convertetl into work— is 


^ Q ' Q 



wC,{Ti- r.) 


T T 

And since, as already stated ijfr “ tjt 

i* T% 

we get by substitution; 

7W* I* 

therefore 



EMmpic. 

Solution. 


Find the efficiency of the cycle in the preceding problem. 


E-l- 


Tl 

r, 


• 1 
»1 


521 

■»W.6 
.56t 1.433 
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Horsepower Calculatwm. The vork U' done per cycle can l)e 
calculated from the efficiency without Knowing the heat rejected. 



or 

W^ExQ B.t.u. 

"TTSExf^ft.-lb. 

Example. If the cycle discusw-d in the pn'vinim example* lakes place 
in a cylinder of 12 inches diameter and 18 iiiehe* Htroke, what will be the work 
done per cycle? If the engine makes 2rj0 revolutions jn-r minute, what will 
bo its indicated horsc'power. 

6'ofut ion. 

H' = 778i?X<? ft .-lb. 


Vi — Vi is the volume (in cubic f<^t) through which the piston moves, and 
is the product of the eros-s-aectional area of tl>e cylinder m square fci'l by the 
stroke in feet. 


and 

But 


K,-V, 




1.178 cu. ft. 


Q-m (V,-V,) 


// -640; L+1 -8; and T,- V, - 1 , 178 

Q.‘yO>^.«4.24B.t.u. 


and if 


ir-£xQ 


E-.433, and 0-94.24 
If-. 433 X 94.24 - 40. 81 B.t.u. 

-31,750 ft.-lb. 

Since this engine requires two revolutions to complete a cycle, the number 
of cycles per minute is only half the numbered revolutions tier minute, therefore 
Work per minute - W Xl25 ft.-lb. 

and * 

„ 31,750X125 

Horsepower-— — -120.3 t h.p 


EXAMPLES FOR PRACTICE 

A gas engine using the Otto cycle has 25 per cent clearance, and 
takes in its charge at 14.7 pounds per square inch and at 60^ F. 

1. What is the pressure at the end of the compression? 

Ans. 141.1 lb. per sq. in., absolute 
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2. What is the temperature at the end of compression? 

Ans. 

3. If the charge consists of 1 part of gas to 9 parts of air, and the 

hea{ of combustion of the gas is 600 B.t.u. per cubic foot, what is 
the temperature at the end of explosion? Ans. 4,258® F. 

4. What is the pressure at the end of explosion? 

Ans. 665.9 lb. per sq. in., absolute 

5. What are the pressure and temperature at the end of the expan- 
sion? Ans. 69.4 lb. per sq. in., absolute. 1,997® F. 

6. What is the efficiency of the cycle? Ans. .479 

7. If the cylinder diameter is 18 inches, the stroke 24 inches, and 
the engine makes 150 revolutions per minute, what is the i.h.p.?. 

Ans. 180 i.h.p. 

Changes in Calculations for Polytropic Reactions. While in the 
ideal engine the compression and expansion are adiabatic (with the 
exponent n equal 1.405), in the real engine the e.xponent n may vary 
between 1.30 and 1.35. Recalculating the examples on pages 12 
to 17, using n equals 1.30 in place of n equals 1.405, gives the 
followinji results: 

If the working substance expands with the exponent n equals 
1.30 to five times its original volume, the pressure is shown by 

Fig, 6 to fall to of its original value; and conversely if the 

working substance is compressed. 

Example. Same problem m in the middle of page 13. What ia the 
preeiure at the end of the compremion when n « 1 .307 

iSofuhon. ^ • 4. From the curves, Fig. 6, if the ratio of compression is 4, 

the correeponding ratio of pressure h 0 06. Therefore, the pressure at the end 
of eompresaion ia 

P««6.06X14.7 or 89.4 lb. per sq. in., absolute 
Example. Same as page 13, except that, instead of adiabatic comimo- 
iloo.fi«l 30. 

SUuHtn. 

f,-89.4xl44XlX|j;~^«792 0*abeohito 
(i*331.0*F. 

Eumple. Basse as bottom of page 14. 

JSsbiliM. 

r««4649+7M 0*8141 0® abaohita 
<1-14960 0*F. 
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Eumpit. Sime u in middle of pete 15. 

Sotutim. 

Pt " »6I4 1 lb. per iq. in., ebwlute 

Example. Same ae bottom of page 15. 

Sofuhon. 

(a) f*»-(p^xP4-'^^-^-Y^«10l.0lb.per*q. in., abirfuta 

(» r..(^)x7'. 


Example. Same as bottom of page Iff 
Solutum. 

Example. Same as in middle of page 17. 
iSofuTion. 

(o) TF -94.24 X778X0.342 - 25,075 ft.-lb. 


From a comparison of these results with those where the expan* 
sion and compression are assumed to be adiabatic, an idea of the 
effect of a variation from ideal conditions can be gained. 


EXAMPLES FOR PRACTICE 

Recompute the examples, 1 to 7, on pages 17 and 18 on the 
assumption that, instead of adiabatic compression and expansion, the 
compression and expanstion are polytropic, with an exponent of 
(a) n equals 1.35, and (6) n equals 1.30. 

Ana.; 

1. {af 129.1 lb. per sq. in., absolute 5. (a) 74.5 lb. per sq. in., absolute 
(6) 1 19.7 lb. per sq. in., absolute 2178** F 

2. (a) 454* F (h) 79.5 lb. per sq in., absolute 

(6)383.rP. 2355* F. 

3. (a) 4,173* F. 6. (a) 0.431 

(h) 4,102* P. (h) 0.383 

4. (e) 653.9 lb. per sq. in., absolute 7. (a) 161.6 i.h.p. 

(5) 644.1 lb. per sq. in., absolute (6) 143.6 i.h.p. 
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Otto Cycle with Increased Expansion. The pressure at the end 
of expansion is seen in the example on page 15 to be 89 pounds 
per square inch, absolute. In ordinary practice it is commonly 
found to be from 50 to 60 pounds, absolute. It is evident that if 
the ga^ were permitted to expand further, it would do more work, 
and, consequently, would increase the efficiency of the cycle. The * 
indicator card, Fig. 7, shows one method used for obtaining more 
expansion. The charge enters at atmospheric pressure from 1 to 2, 
when the admission is cut off. The piston continues moving for> 
ward to the end of its stroke, but as no more admission takes place 
the eharge expands adiabatically to S, while its pressure falls. On 
the return stroke the charge is 
compressed adiabatically, retracing 
the expansion path along 5-f , and 
continuing till the whole charge 
is compressed into the clearance 
space at 4, The rest of the cycle is 
unchanged. Diagram 
represents the ordinary Otto cycle, 
and the shaded area rep« 

resents th| increase in work due 
to the increased expansion. 

Efficiency Dependent uptm Clearance. An examination of the 
equation for the efficiency of the Otto cycle 



brings out certain important results. The efficiency is seen to 
depend only on the ratio of the temperatures at the beginning and 
end of compression, and not at all upon the temperature and pressure 
at the end of explosion. Since the ratio of the temperatures \t the 
beginning and end of compression depends only upon the ratio of 
compression, and since, further, the charge Is always compressed 
until it occupies the clearance volume, the efficiency is seen to depend 
only upon the percentage clearance. In other words, in engines 
with the same percentage clearance, using the Otto cycle, the per- 
centage of the heat liberated in the cylinder which is converted into 
work is always the same, whatever ht the site of the engine or the 
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TABLE I 

Effects of Clearance 


PrarKKTAOK 
('LKAKANrc or Otto 
C' ycLK Knoink 

PmUMl'RC AT Kmd 
or CoMrHRfHIION 
Lb*, prr In. 

Erru im.-v ur Otto 
C ti ir. 

KrnnBNCT or Cveut 
WITH Incrbaako F.X- 

fANUON, BIV WITH 
Sami CoMPHnMioN 
PnnMifHK AS Otto 

20 

1K3.3 

.51 0 

00 9 

2.5 

141.1 

47 9 

.58 4 

30 

116.4 

41 8 

55 0 

3.5 

08 0 

42 1 

.52 5 

40 

85.5 

39 8 

.V) 4 


strength of the charge. The effect of the clearance* on the efficiency 
is exhibited in Table I, where it is seen that the smaller the clearance 
the greater is the efficiency of the engine. The pressures at the end 
of compression are also given in the table, and are calculated on the 
assumption that the atmosjiheric pressure is 14.7 pound.s per square 
inch, absolute. The efficiency of this cycle, with iiuTcasesl expan* 
sion, can be easily calculateil, and the results of such calculations 
are given in Table I. They are made on the assumption that the 
charge is admitted for only ouc-half the .stroke, and that the heat 
of combustion is 80 B.t.u. per cubic foot of the charge. An inspec* 
tion of Table I shows the increase in efficiency which results from 
the increased expansion for engines which have the .same pressures 
at the end of compres.sion, and indicates that, to lie of high efficiency, 
a gas engine of this type should first compress the charge to a high 
{Pressure, and then expand the products of combustion to a volume 
considerably in excess of the onginal volume of the charge. 

Ideal and Real Otto Cycles. The calculations in the preceding 
pages ate made on the assumption that the gas engine follows the 
Otto cycle exactly, in which ca.se the engine is called an ideal engine. 
The rial engine does not exactly follow the Otto cycle, bccau.se of 
certain practical difficulties. The actual indicated work is always 
less than the theoretical in consequence of incomplete combustion, 
losses due to cooling and radiation, etc. 

Departuret from Ideal CondUimi of Each Stroke. Differenoef 
between the real and the ideal engine occur in each part of the cycle. 
During admission. Fig. 8, line the pressure in the cylinder is 
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TABL# II 

Tablt of tho Valuts of the Compreuiori Pressures (pr)— Compressicfti 
Temperatures (Te* F. Absolute)— and the Theoretical Effi- 
ciency (£)— for Different Values of (he Percentage 
Clearance (r)— and Polytropic Exponent 
^ (n) of the Compression Line 

(TIm pfMMN duriog tha (uetton atruke <p,) U Ukcn m 12 5 lb. per aq. In. abMilute,* 
Md the tamperatur* of the iiiUlure at tha end «>( the auctiitn stroke ia taken aa Tf»7(Kf F. ab* 
toluM (t , tquala 240* F ) 


,arT-" ■ .r-— - 

Paw aNTAUR 










CtCARANCR 

e- 

4U 

:i;i .1 

2>l 0 

25 

21) 

lb b 

M 3 

ij 5 

II 1 


pc - 

03.7 

75.8 

883 

1013 

1284 

1.56.9 

180.6 

217 5 

249 4 

l.UO 

k - 

o.aia 

0 340 

0 363 

orm 

0 416 

0442 

0.464 

0.483 

0.490 

Tr^ 

uno 

1001 

1000 

1134 

1198 

1255 

1306 

13.53 

1397 

« - 

i.a.*) 

pr* 

07 « 

81 2 

052 

1098 

140 4 

172 9 

207.1 

242.7 

279.8 

k - 

0.355 

0 384 

0.409 

0 431 

0466 

0494 

0 517 

0.537 

0553 

Tr- 

I0K5 

113T 

1185 

1*230 

1311 

1383 

1440 

1510 

1567 


Vc - 

73,1 

88.3 

IBW 

fnna 

1S6.4 

194.3 

234.6 

276.9 

321.3 

Ml 

f - 

0.402 

0.434 

0.460 



0.560 

0.674 

tE21 

0.611 

r<- 

1170 

1236 

1297 

1354 

1459 

1554 

1642 

1723 

1790 


*lfi in any actual case, the real auction preaaure should be some other value 
than pi«12.5 lb. per eq. id , aa the values of pr in the above table can be 

comctid in the ratio 


Actublly a pound or more below the atmospheric pressure, that 
difference being necessary to open the air-admission valve (a'hen 
automatic) and to cause the air to flow in with sufficient; velocity. The 
charge, moreover, is heated by 
contact with the cylinder walla 
and with the hot gases remain- 
ing in the clearance. ThI com- 
pression is usually polytropic, 
not adiabatic, because it occurs 
in a cast-iron cylinder, which 
takes heat from the gas while it 
is being compressed, and so 
makes the final temperature and pressure less than that caku- 
lated on the assumption of adiallatic expansion. 



/lij? 


fita IbdlMtor Cant frem OUo-Cyrl« 
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Table II shows the effeet of the clearance on the efficiency for 
various values of the polytropic exponent («) of the compression 
line. 

Kffect of Tardif II jr plosions. The explosion in the real engine i.s 
neither instantaneous nor complete. It approximates more«closelv 
to the ideal explosion when the compression i.s considerable, and 
when the explosive mixture has 
only a small excess of air pre.sent. 

Gasoline engines show a more rapid 
explosion than gas engines, and 
have indicator canls, as in Fi^» 0. 

The clearances are generally larger, 
so as to avoid excessive pressures. 

With weaker mixtures, the explo- 
sion becomes slower and l»‘ss com- 
plete, as shown in Fig. Id, until, 
with the weakest explosive mixture, 
the process is really one of slow combustion taking place throughout 
the whole of the ex|)ansioii period, and some of the ( barge may l>e still 
unbumed when exhaust takes place. The fact that the clearance vol- 
ume is full of pnalucts of combustion from the previous explosion, 
W'hen the charge is drawn in, has a delaying effect upon the cxplo.sion, 
since the explosi\e mixture i.s dilutcxl by |he inert gases left in the 
clearaiuv. Even under the bc'.t conditions, the rise of tem|)erature, 
and crmsequently of pressure, during the explosion, is only about .0 
of that «K-curring in the id« al engine. Tlris, it will be s<‘en, makes 
the jMiwer of the real engine <'Oii.siderably less than that of the ideal. 
The water jacket around the cylinder, without which the cylinder 
would lie XiHt hot to Ik* pr<i|x rly liibricateil, is «ine of the iinfKirtaiit 
causes of the «lifferenee lH'tw<*eii the real and iih'al eyi-Urs, as the 
ja<^keC iisnally al)s«»rbs alKiut dO 
per cent of the total heat of the 
cximbustion. 

Influrnrfof Change of Specific 
Ueain of Cases. In the ideal i,Kiirai«r Curd with wenk Mistm* 

cyelt* t he a.ssumpt ion is iiia< Ic t hat 

the specific iu*als of the working substance remain constant through- 
out the temperature range existing in the cycle. This is erroneous, 
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TABLE III 

Effect of Variable Specific Heats on the Theoretical Thermal 
Efficiency 




ll 

t.»hf TirAi, 1 iirBMAL EPririENcy I 

Von ai.THli 





R*tr. 


S|MMilir llfii 

f "iinilant 

Hkhk. VariBl.l, 

It 


an 

r, 

■2S 25 

1 


12 

7r» 

ai 'JO 

5 


17 

ir, 

.T.l 5<) 

n 


.01 

fi 

aa 0 

7 


5-1 

25 

1 

15.5 


as the sprrili<' lieats \ary iiiatiTially cliaiip* of temperature, 

riiis is OIK' of tlu‘ mo^t important causiN why the pressure and tem- 
jM'ruture at tlie encl of eAploNioii fall helow tho‘'e ealeuhited for the 
iileal cyeh'. 1 he elTeet of tliis variahillty of speeifii- lieats on tlie 
theoretical thermal ejliciencv is diown in T'ahle 111, which is based 
on an average of the rc'^nlts of Clerk and Wimperis. 

I he expansimi curve is aho\e the adiabatic in real engines, 
liccuusc the cyliiKler walb, whh h have been heated by the explosion, 
give buck some heat to the gases, and also because the combustion 
still continues and lila-ratcs mon- heat. 'I'his last rlfect is es|M‘cially 
marked when the explosive mixture is weak. 

Kiirlj/ Hnjinriiiuj of J'.xhno.si. Kinally, the exhaust, as in the 
steam engine, begins a little before the end of the expansion stroke, 
HO as to give plenty of time for the eMat)e of the gases. Conse- 
(luently, the card, at th^ |H.int .v, Eig. 'i. is very mm h rounded off, 
iind the pres>ure in the cylinder during the exhaust stjoke is neirs- 
sarily higher than that of the atmo>phcrc into whh h the gasi-s are 
rejected. 

Final I'.JlIiiitnrif. TV tt»tal ellect of all these difTeremrs 
lietween the real and the ideal engine is that the w»*rk done in an 
actual engine in gooil condition is only from to .75 of that which 
the uleal engine wandd do; «»r. in other Words, the efHeieney of the 
Tejd engine is only from ,d to .75 that of the ideal engine, depending 
U|)on the fuel used. 

nj Hi'tiuring Factor ia Heal Calculations. The actual values 
<if the explosion f>^•ssn^e and tem|>erttt\ut‘ ran he foniul by multiply* 
ing the absolute pressure and terhperature taken from the ideal, or 
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hypothetical, carti, by a reduction factor which takes into afTount 
the dc(‘rcase in teni[>erature or pressure due to heat losses, c'tKilinfi:, 
etc. The value of tliis factor is approximately that of the curd 
factor, or ratio lM*twccn the eftii‘iencics of the r^l and itical etiKtiie. 

n.xaniplc. Wh:u arr ||«>|»rt>bnl)li*:u-fu:iI«‘\|>hisioii pri'ssiirr nn«l 
in thr (•nuint' nf ihf pn-cnliHK oxainpli-s if tin* rr-al fiaa llu* cMicn'iiry 

uf ihi* nli-al rliK'*'' •' 

Thi' lAploMoii prrs.'inn' «»f llif (■ii(>iitr was fomal lo Ik.* 

li'Js li 111 , pi r sij. in , aliMiluIr 

'I'lirri-fdii' 

I’nilialilt' arlnal (i >;() 0 2 ll». |M r .'ij in., alisniiitr 

'1 hv i viiin^ion <riii|M i itiin* nf llic itiial I'liftini- W.I.S fouinl lo la: 

7’j .ViliS.li" alisoliiti- 

Thirifon' 

I'robablr ar lual Tt .WiS ll'- O.Ci - Xtli .’J abxilnlc 
or 

IVobabli- arlual f, 2^X1) 2'’ 1''. 


r.xanipic* Wlial aro tin* probablr arlual rfririi-in w. bor-ii'jicittrr. ftiiil K"** 
rousuinptioii of (lir cni^iitr vvIiom* i<iral |N'rforiiianrr has brrn uorkisl out in 
(In* prrrislmn rx.impUs' Assum* llir nal rnKiiir lo liavr ,('» llir rlhncnry of 
(be idonl cniiino. 

Sol ntion , 

Tho ideal ( iricionry w;us found to Ik* . i;{;{ 

Therefore 

I’robablt* ri'al elfirinuy ■ .(»'X 13.1* 26 
The iileal horse|K)w'er w;i» foun*l to br 120 .'{ 

Therefore • 

I’robable real h.p.» .6X120 .'t«72 2, m arly 
'I'lic Ras eonsuinption is expresst**! in eubie f«a*( |ht i h p per hour. In the ideal 
engine the volume of g:ui takiai in jn-r eyelc wiw 


r,-r, 

/y+ 1 


UZ5 

h 


117 


ni. ft. 


The nuniU*r of rj( li.*s ikt miniile wan r2'i 
Therefore 

(iiiH umxl per minute « .ItTxri.*-- IS 1 nj ft 
* (iiv« us«s| (K*r hour « IS 1 X 60 - 1 101 ru. ft . 

And the probable real i h p. is 72.2 

Therefore 

Gm ukxI i>er i.h.p. p<*r hour* » bi 29 eu. ft. 


EXAMPLES FOR PRACTICE 

What are the probable actual efficiency, i.h.p., and ga.H <.*oii- 
aumptioQ of tho engine whose ideal performance has been worked 
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out in the previous examples for practice; efficiency of real engine 
.6 of efficiency of ideal. 


Alls. 


.2S7 effii ieiK’y 
lOS i.h.p. 

H.71 I II. ft. pas consumption 


Indicated Horsepower. Tlie indicated liorsejiuwer of the 
normal Otto^'ycle pas enpiiie is determined from the area of the 
indicator card, just as with tlie steam engine; hut there are some 
special points to which attention must he paid. In the usual formula, 


i.h.p. 


PLAJ! 


S is the luimlxT of l ycles imt minute, not the mimher of revolutions. 
Tlie mean effeetive pressure /* is obtained from the indicator card 
by going around it with a planimcter in the way in which it was 
trawd -that is, in the order / Fig. S. Tlie indicator 

card consists really of twi» areas or loops, of wliich 3-4 -5 represents 
laisitive work, and 1-3 negative work. The total work done on the 
piston is represented hy the ililTerence Ix'tween these two areas. 
The small area i 3 represents the work done in overcoming the 
friction resistance of the gas when heing admitted to and exptdled 
from the cylinder. It is work which has to he done hy the engine, 
is a ilefinite loss of power,. liud should he made as sfnall as possible. 
Tlie an-a3'4 ij' the work which is actually done on the piston, lcs,s 
the work requiri'd to coiApress the gas; it is the true work of the cycle, 
all of which would lie available for driving the engine were it not for 
the gas*friction resistances represcnteil hy the area I ■-3.^,, If u planini- 
eter is made to trace the diagram in the order in which it was 
drawn, it will go around the areas t-3 and 5-4 -5 in opimsite direc- 
tions; that is, if it goi's around the one clrnkwisi’, it will go around the 
other contra-cliH-kwise. The cons»*quencc will lie that the readings 
of the plaiiimeter will give the desired difference lietween the two 
areas 5-4-5 and / 3. The mean effective pressure is then obtained 
from this area in the usual manner. 


DIESEL CYCLE 

Characteristics of the Cycle. The first cycle proposed by Diesel 
consisted of tsotbeinwl of constiint temperature compression. fol« 
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lowed by ii further adiabatic ctunpression, isothermal combustion, 
and adiabatic cNpansiou to atmospheric prcssurt*. Practical diffi- 
culties, however, led to modifications of this projxjsed cycle until the 
actual cycle of twlay has little in common with it. ITie first modi- 
fication of the proposi'd cycle was to carry on the compressitin adia- 
baticaliy, as in ai»y r.is engine. It was attempted to carry on the 
combustion isothermally, but in order to approximate this the com- 
bustion must Iw extenudly regulated, so that just enough heat will 
be generated at eac h instant to keep the temiKraturc constant ns 
long as fuel is l>eing injected. In the Diesel engine, as at present 
constructed, no such control is attempted. Indicator cards from 
recent Diesc'l engines .show that 
the combu.stion takes place nearly 
at constant i)ressure. 

Ideal Cycle. The ])rr)eesses 
taking place in the cylinder arc 
representcjl on the pressure-vol- 
ume diagram, or hieal indicator 
card, Fig. 11. Exhaust, suction, 
and compression in this cycle arc 
precisely the twime as in the Otto 
cycle and arc repres<*ntcd on the 
pressure- volume diagram in the 
same way. Up to this point, ! ,, ,, , 7 ^ , 

the only differences betwwu the 

Diesel and the Otto cycle.s are: first, in the Otto cycle it is assumrd 
for convenience that pure air alone is admitUxl and compressed, 
and in the Diesel cycle this is actually the case; second, the compres- 
sion in the Diesel cycle is carried much higher than in the Otto. 

When the charge of pure air has been comprcssixl until it occu- 
pies tlie clearance volume, represented by point 5, oil is injected, in 
tlie form of a fine spray, into the hot compres.sed air which vaporizes 
and completely bums the oil a.s it enters. At this point the pi.ston 
starts on its outstroke.aiid, tluMireticaily, oil is injected and burned 
at just the rate to counteract the fall in pres-sure which would naiii- 
lally accompany this increase in volume and maintain the pressure 
constant along the line J-4 (heat is added at constant pressure). At 
the point 4 the fuel injection is cut off and the hot products of com* 
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huAtion at the pressure Pa force the piston out, and, cxpandinR 
udialmtically behind it, fall in pressure and temperature. As in 
the Otto cycle, the expansion curve ^-5 is similar to the compression 
curve 2~3, aixi has the same equation. 

From this point on, the events arc 
the same as in the Otto cycle. In the 
Otto cycle, heat is received and rejecte<l 
at constant volume; while in the Diesel 
< ycle, heat is re<cived at constant pres- 
sure and rejected at constant volume. 

Pressures and Temperatures During 
the Cycle. Prcsmirc and Tcmixraiun' 
after ('(mprc.mon. The pressure and 
tem|H‘rature at the point 3 can be found, 
as in the case of tin- Otto <*ycle from the 
<-tirves, Fi>;. 12. The curves (d Fij:. 12 
are exactly similar to those of Fig. (i, in 
fact, they are the curves of Fig. (» exteiuled 
toinclinletheratio of vohnues obtaining 
in the Diesel cy»‘le, while the ratios of 
Fig. (> cover the case of the Otto cycle. 

Since Diesel nnUors, as constructed, 
,are oil engines, the increase of volume due 
to the injection of f\icl, i. e.,the increase 
of charge weight, may be neglected with- 
out serious error siin e the volume occu- 
pied by the fin*l vaiMU in ev|)losive mix- 
tures of air and liquid-fuel vapors is 
negligible. (For In-nzine vapor the ratio 
is 45 to 1. and even in the case of ^rude 
ah-ohol the volume of the uh-ohol vap»jr 
occupies only lM*twt*en 2 and 3 jx-r cimt 
of the volume of the mixture.) If a gas, especially a lean gas, were 
under wnsideration, this assumption would not be permissible. The 
volume of mixture of air and fuel vapor pt^r pound of fuel may 
therefore he taken, for maximum load conditions, as the volume 
of air (£,) actually necessary per pound of fuel to give best com* 
bustion results. 



1? Piilvtropir F.xpMn.Hin 
of < CiirvM of 
Kig ft Kxli'nijfd to Inrltiitr 
Nitth<* 0sw4 III DioiiU 
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Rm in Tn»i>rrolurc During Cotnbunliou. Tlu* rise in t<’m|VTa- 
turc Wiirinj; cotninistitut t»n Ikiw inurh luat is i^'oiuTated, 

wliich, in turn, «lr|K'u<ls on tin- amount of fin-I injectccl and tho hrat 
of comljustion of a pound of tin; fuel. 'I'he ain«)unt «)f the fuel 
injeete<l for maximum load ilepends on the t<ital volume of upre air 
takiMi inti) the eyiiuder at eaeh sm tion stnike, .sinee no inort* fuel 
should he inj(‘eti>il than oau he hurneil with thi* he>t results; therefore 

Weight of fui‘1 per i-Vile ^ --'^—-.pounds 


an<l the heat of ciunhu^tion iif this fui l is 

Hi\': r.) 

L 


Q - 


H.f.u. 


where II is the heat of coinhusthm of a pound of the fuel in H.t.u. 
This heat is utilized in raising the ti inpiTature of tin' air from the 
known temjMTature 'A to an unknown tempi-rature 7V The rise in 
temj)er;tture can he fouinl if the heat necessary to raise one |>.)und 
of air one ile^^ree in tem|M'rature while the pri'ssure remains con- 
stant is known. This amount of heal is calleil the ftprrlftc hnit at 
vondant prrs.fiirr, and is detmti'il hy the syinhot D,.. for air eipiuls 
0.2:17 li.t.ti. With a weight i)f piunnls of air )>er charne, the heat 
necessary to raisir the ti in|H'ratiire of thi* i hargi? fnun A to 1\ is 
n;r,('ri~ 7\) IM.ii. 

and the heat of eomhustion is useil etitirefy in raising the temjx'ra- 
tuTe of the charge from to \ hence 






Example. A Dicsrl maine with 7 II |«t <i nl, , i;ikin(? in itfl 

charge of air at, atmospheric pressure a»<J lciiip«TaOirc (11.7 |M)wiats per square 
inch ami (X)’ I-'.), is sujipltpfi wiili ctuU*.- oil with a valm* of IS.OtXi B * u. 
per poiual ami requiniig .’jno * ubic f**<!t of atmnsplif-ric air ixT pound of fuel 
to give lH*st rninhusOoii at iintxiniuiii Ii»ad. Whu< an* tl> tin* fin-ssur»* and V2) 
the temperature »t the end of roinpression, and ct) th*. t «<tTi|ierat urc at the end 
of conihu»tion ulten 

(o) the compression is adialiattr, n « I 405 
(6) the coni£^iori « i>oly tropic, n » 1 .35 
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Sf^utwn. (1) The clparaucir volumo V, k 7.14 per cent of the volunMi 
Vt“-V\, ihroiigh which Jhc piston moves; or 


hence 

and 


7 14 

100 V,- 7 ,HK,- 7 . 14 r, 


- ir, 0 


107 14V,«7 I4r, 

Vi m 1 1 
V " 7 if 

From the curves, FiK 12, if the ratio of coniprcs.sion is I.^: 

(rt) The corres|)on<linK ralm of pressures i.s f.'i.'sl, ami the pressure at the end 
of the compression 

/’,-4.V.VtX I4.7 = tit»0 :i Ih per sq. in , absolute 
(h) The ratio of pressure.s i.H 3.S 71), and 

Ti-'iS 70X1 1 7“r»t>H «» U>. jar «q in , ahsoluto 


Ci) 




(n) r.-iHiU ) (li 7xTn) " absolute 


(M* r 


h « 1 120" F . 

.'itiS Ux 1 II V 1 x.'i^ 
'(i.'ixit 7xn4> 

F, 


bill' absolute 


0) 


hence 


(f, -IM 

— V~" I’ 

». /1S.OOO\ / 2 /r.2i J 

^ ^ “ V *doo V V i I f » » • / v> \ 1 5 / 

7', »;t()lM -hTj’ alisoliltK 
I, V 

(«) /4-.;50!M-Mr2()» 42ir F. 

{U) - :jlW4 +883- 3977" F. 

i 

Volumes at End of Combustion. If a perfect rrs is raised in 
temperature while its presiture is iimluinged, llie volume will increase 
it) exact proportion to the rise of absolute temperature; or 

W : I', : : r* : T, 



hence 
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Eumplt. Whftt th» voluiMt at ihc end of combustion in the proooliini 
problem, exproued aa ratios of tho clearance volume? 

Soiufton. , , V, /4214+46l\ „ 

« 

These results arc checked by simple reasoning, since it is self- 
evident that in order to add the same amount of heat lat constant 
pressure, the lower the initial temperature the greater must be the 
volume change. 

In the Otto cycle the ratio of «-ompression and the ratio of 

I i 

expansion y are the same, b\it in tlie Diesel cycle this is not the case. 

In the Diesel cycle \ \ eqiials \\ and I’i equals where d is the 
ratio between the cut-olT vj>lume I'l and the ch-arance volume 


Infiuencf of Early Cut-Off. The case just describwl, in which 
as much fuel is injected as is possible in order to get the best possible 
combustion results with the volume of air present, corresponds to 
the maximum possible load of the engine. Since an engine must 
be capable of carry ing an overload, the normal rated load must be 
carried when less than the maximum possible amount of fuel b 
injected. In actual practice the cut-off occurs at about 10 per cent 
of the stroke at normal rated load and, with a compression ratio of 
10, the cut-off ratio d is, at maximum possible load, about 3.0 and at 
normal load 2.5. To prove the latter value 

-1 .K, .. 

•0 • . v 

(Ki\ I 

\vj~' m, ioK,"ioF, ~ N 


v,-v, 

il< i.Jl 1 

V, lol'i'io 

** V, 10 lo"^’ 
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A reduction to any extent in the fuel injected below the maxi- 
mum is possible because c»f the fad that the oil is burned as it enters, 
like gas in a burner, so that it can be properly accomplished with 
' any excess of air. 

W|}cn the amount of fuel injected is less than the maximum 
possible, the temperature at the eml of combu.stion is 

and the amount of lieal added per eu. ft. of piston displacement is 


Example. If Ihn mniiw of tho previous prohli-iii <Mjts off ftt 10 jier rent 
of the ulroko »l iioriiiul lo:ul, wliat (11 i.H the triiijMTuf uro lit the rrul of rom* 
biiHtion, anil ('J) the heat luhliil |>or nihic fool of pi.ston ilinplacoincnt? 


Solution. 






(1) in) 
(fc) 


(2) 


(«) 

( 6 ) 


T4»2 IXISSI -aroi" absoluto. F. 

- 2 . 1 X 1311 « 322ti* abaolutv. - F. 
a IT T) 7XU4XJ(^17X1 

V t ^ ^ - j- 

■•(3791 -l.'^i.SDXO 01930»42 92 B.t.u. per ru. ft. of piston di^ 
plttcomcnt 

•"(3229-13441x0 01939 - 36 51 B t.u. p<T m. ft. of piston dia* 
pUerment 


Jiatio of Erpoimon. The ratio of expansion in the Dic.sel cycle 
is the ratio of compression divided by the ratio of cut-ofT volume to 


clearance volume, sinct.*, as the ratio of expansion eqtials 

equals Tj. and equals rf r, 

hence 

Ij f ^ ^ ^ 

r4*Vr,Ad/ d~ 




If this ratio of expansion is known, the pressure aiid temperature at 
the end of expansion can be found in exactly the same manner as ia 
the case of the compression, 
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Example. In the eniine of the previous problems, ^hat is (l) the pressure 
and (2) the temperature at the end of expansion if (1) the rnitine is (ievcioptnc 
the maximum possible poa'cr and (II) is operating at normal load? 

Solution. 

(11 (.) (1) 

Pi -Pt* 669.3 lb. per sq. in., absolute (see page 30) 

Referring to the curves of Fig. 6, if the working substance expands adiabatically 
to 5 08 times its original volume, the pressure falls to - of its original value. 
Therefore 

, absolute 


Pi* ^^-69.0 lb. per sq. in.. 


( 2 )' 


J’i 


9 7 
(PiV|l 
■ 7’i 


■exii)'- 


-(g~)x5.08X(-l214+46n 
« lO.S.S’ F. 


(1) (1) 


( 2 ) 


(11) (e) (1) 


( 2 ) 


Vi 
V. 

Pi-^ 


*4 54 

73.4 lb. per sq. in., absolute 


2449* absolute 
IS 

3.302 
568.9 
7.76 

r,-™X4 54X(3977 +461) 

-2600* absolute’ I»*2139*F. 

d*2.4 • 

Vi 2.4 ® “ 

Pi* .3 lb. per sq in., absolute 


13 05 
Ji 
"13 05 
>1818* absolute 


(t>) 


X8. 25 X3794 

Ii-1357* P. 
*48.0 lb. per sq. in.. shsoluU 


11.85 
1 

'11.85 
rl702*abMlut« 


EfRcieiicy. 


X6.3SX3S98 

l.*]341*F. 

In the Diesel cycle, the heat added has been seen 


to be 


Heat is rejected from the engine only during the process repre* 
sented by the line S-t, because when the charge gets back to the 
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condition i, it has returned to its original volume and pressure, and 
consequently to its original temperature. The heat rejected is then 


Q,-«;C,(7’.-r,>B.t.u. 
and the work done per cycle is 

4 W'-Q-Q,B.t.u.-778 (Q-Q,) ft.-lb. 

The efficiency cf ike cycle -tha.t is, the fraction of the heat 
supplied that is converted into work — is 


pjy^Q-Qr 
(i Q 


1 - 


Sr 

Q 


c. 


w(\iT,-T,) 

which is the reciprocal of the ratio of the specific heats {0, is 


the specific heat at constant volume *0.109 for air), equals the 
reciprocal of the expoitent for adiabatic expansion or compression, 

or •it’id since, as already stated 


and 



T P 

^ ~ (constant volume) 


since 

hence 

therefore 



A-P* andr,*r» 

r,-r,d" 


w~i) 

Ud-\) 


therefore 
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From this it is seen that tte efficiency of the Diesel cycle de- 
pends, not only on the compression, but also upon d, i. e., the volume 
at the end of combustion. The smaller the value of d (the earlier 
in the stroke the fuel supply is cut off) the greater is the thermal 
efficiency, other conditions remaining the same. This fact ij borne 
out in practice within limits, as a large number of tests of Diesel 
engines have shown a greater thermal efficiency at three-quarters 
than at full load. That this does not hold for still lower loads is 
due to the influence of other factors. 

This equation for efficiency holds only when both the compres- 
sion and expansion lines have the same exponent. If the exponents 
are different, the efficiency must l»e found from the quantities of 
heat added and rejected. 

Example. If the engine of the preceUing problem* hu an exponent for 
the compression line of n <■ 1 35, and for the expansion line of n ■ 1 .41, what ii 
the efficiency of the cycle at maximum load? 


• 18,000 B.t.u. per cycle 

Ql v\ " 

Q iOKTi 

From the resulu of the preceding problems, when the compreseion line had the 
exponent n»1.35, 

r4-4438*abK)!ute. d-3 303 (See p. 31) 


R-(a («■ 


Biikoe^ expaosion ia adiabatic, the pressure ratio must be found from the 
* y, 1 

adiabatic curve of Fig. 0, and is, for a volume ratio of >4 54, equal to 


*(il) 


^ It 7X144X0 IW 
* 3 "“ 60x53.2: 

£-1-0 440-0.560 


14 7X144X0 160 <2428 - 521) 15 
60X53.2X521 
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Um of Enciency Factor Curves. Prom Fig. 13, the value of th 

factor Ai\r n ' T\ ^ obtained for the three usual values of n an< 

any value of d which is to be met with in practice. With the ai< 
of theSe curves the cflficiency for any given case can be determined 



Example. Find ihc pffit’i<*nrM^ of the cyrlos in the preceding problem. 

Solution. 

p ^ j _ T-l. ' ■ * 1 1*2. y JP 

‘ r,''i 405 (d-i) 
r,«(»0+4fil -521" abaolutc 
(o) r. - 1581" ftbeoliite 
t5) "1544" absolute 

(1) Under maximum load conditions 

(fl) (/-2 957 n- 1.405 F-1,319 
(6) d-3 302 n-1.35 f-1.243 
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(II) Uad«f nonnlU load conditiona <1*2.4 
(a) n-1.405 ir-l.24l 


Ik) 

fi*135 

f*1.154 

(I) 

(«) 

B-.-^Xl.31. 



• 1-0.434 *0.568 


ib) 

*43 



-1-0.482*0.518 

(ID 

(a) 

B.l-fjXl,34l 



*(-0.409 * 0.591 


(b) 

£.l-|lxI.IM 
-1-0.447*0 553 


Work Done per Cycle. The work done per cycle can be calcu* 
lated from the efficiency without knowing the heat rejected. 



or 

W'-i:xQB.t.u.-778XExQft.-lb. 

Exampla. H the enfine of the preoeding probtoma haa a cylinder of 12 
incboo diameter and 18 inchea airoke, what will bo the work done per cydoT 
(I) Under maximum load conditiona • 

(II) Under normal load conditiona 
Arfaliofi 

V,-V,-ix (jy)’ X [y-1.17icu.h. 

a) 

-n8x70.M>M,MO (t.4b. 

(n) lK-54,9MX0.8«7-31,l80ft.-lb. 

ib) *34.900 X0 519 *28,540 ft. 4b. 

(ID (a) Q*42.92 B,t.u. 

11^*778X41.92X0.592* 19,770 flMb. 

(b) Q*30.61 B.t.u. 

. ^-778X38. 51X0.554-15, 740 Mb. 

Since this engine requires two revolutions to a complete cycle, 
the number of cycles per minute b only half the number of rtvo- 
ttttiona per minute. 
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Example. 

SohMon. 


a) 


(li) 


If the engine makee 250 r.p.m., what « 
Work per minute » 125 

„ WX125 W 

Ho«cpo.er.-33^-.2M 

, , * 31,180 . 

(a) =-264"^I18 li.h.p 

(5) Ui.p. 

19,770 

(a) Oi.h.p. 

, 15,740 ro n • L 

00 --^*59 Gi.h.p. 


EXAMPLES FOR PRACTICE 

1. A Diesel enjjine has 7.09 per cent clearance ainl takes in its 
charge of air at 14.7 Ih. jx'r square inch and at 90® F. What i:^ ( 1 ) the 
pressure, and (2) the temperature at the end of the compression when 

(а) tlie etunpression is adiabatic, and n = 1.40.') 

(б) the compression is poly tropic, and n - 1 .30 
{a) (1) ti07.1 lb. ptT sq. in., absolute 

(2) 1070° F. 

{h) (I) 454.1 lb. per sq. in., absolute 
(2) 089® F. 

2. If this engine is supplie<l with crude oil, with a heat value 

of 18,6(X) B.t.u. per pound and requiring 300 cubic feet of atmos- 
pheric air per i>ound of fm4 to give best combustion results, what is 
the temperature under maximum load conditions at the end of 
combustion? Ans. (a) 4157® F.; (6) 3770® F. 

3. What are G) the pressure and (2) the tem|)erature at the 
end of expansion under the conditions of the previous problem? 

(a) (1) 59.4 lb. per sq. in., absolute 
(2) 1999® F. 

ih) (D 78.3 Ih. pt*r sq. in., absolute 
(2) 2317® F. 

4. If the engine cuts off at 10 per cent of the stroke at normal 
load, what (1) is the temperature at the end of combustion, and (2) 
the heat added per cubic foot of piston displacement? 

(1) (o) 3074® F. 

(6) 218-1® F. 

(2) (a) 38.94 B.t.u. per cu. ft. 
(6) 29.14 B.t.u. per cu. ft. 
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5. lender the conditions of problem 4, what are (1) the pressure 
and (2) the temperature at the end of expansion? 

(1) fa) 48.4 lb per sq. in., absolute 
(6) 43.0 lb per sq in., absolute 

(2) (a) 1254“ F. • 

(6) 106.5“ F. 

6. What is the efficiency of the cycle under (1) the maximum 
load conditions and (2) normal load conditions? 

(1) (o) 0.551 
(b) 0.477 

(2) {a) 0.574 
(6) 0.520 

7. If the cylinder diameter is 18 inches and the stroke 24 inches, 

and the engine makes 2(H) revolutions |)er minute, what is the i.h.p. 
(1) under maximum load conditions and (2) under normal load 
conditions? [ (1) (n) 27.5.8 i h.p. 

(5) 238.9 i.h.p. 
(o) 186 4 i.h.p. 

(6) 126.4 i.h.p. 

Ideal and Real Diesel Cycles. Factors Shou ing Differences. 
Fundamentally, the modification of the theoretical Dic.sel cycle does 
not differ in practice from that already stated for the Otto cycle, as 
far as the suction, ('ompression. expansiqp, and exhaust lines are 
concerned. I'he combustion line, since the combustion takes place 
at constant pressure rather than at constant volume, needs further 
attention. 

The injection of fuel is never exactly so regulated as to develop a 
combustion line showing exactly constant pre.ssure, the line, in prac- 
tice, showing a diminution of pressure as the piston moves forward 
and the combustion proceeds. On the other hand, the combustion is 
never found to take place isothermally, as was proposed by Diesel 
in the first change which he made in his cycle. Guldner found from 
analysis of indicator diagrams that there was a decided temperature 
increase along the combustion line, in spite of the fact that it looked 
isothermal. He found that the air was compressed to approximately 
1100* F. and that at the full cut-off this had increased to roughly 
3700* F. Due to afterburning, the maximum temperature was about 
270* F. higher than this and occurred after the cut-off, so that it can 
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be seen from this that afterburning affects the combustion and expan- 
sion lines in the Diesel cycle, as well as in the Otto cycle, but to a 
less extent. 

These results should be compared with the calculated results on 
pages 80 and 32 for the cate where the exponent of the compres- 
sion line was 1.35— the average exponent of compression lines found 
in practice— and the engine cut-off at 10 pcT cent of the stroke. 

Effects of Departures from Ideal Conditions. The total effect of 
these differences between the real and the idea^ engine is that the 
work done in an actual Diesel engine in^good condition is only from 
50 per cent to 7.0 per cent of that which the ideal engine (compression 
and expansion adiabatic) would do, or, in other words, the efficiency 
of the real engine is only from .')() per cent to 75 per cent of that of 
the ideal engine, dejxMuling on the «lesign and workmanship; prop- 
erly designed and constructed •‘iigincs average about 70 per cent. 

Example. What are the pniliahlo artual eflioipncy, horsp|)owpr, and oil 
consumption of thp i»|pul engiiip of tin- |»rp<'pding illiwlrativft oxamplps (1) under 
maximum load condilions, ami (i) umli-r rated load poiiditions, assuming the 
real engine to have .7 the pffipjpnpy of lh«* ideal cy« lp? 

Soluium. When tho engine com|*rp»!«<‘a .and expand* the charge adiabatically, 
the ideal efficiency wax found to bo 


(1) O..S6e 

(2) 0.591 

Probable real efficiency ^ 

( 1 ) 6.7x.r^>*o m 

(2) 0.7X 591 *-0 -114 
The ideal boriepuwer wae found to be 

(I) 118.1 
t2) 74.9 

Probable real horaepower 

(1) 0.7X118.1-82.7' 

( 2 ) 0 7 x74.9 - 52.4 


The oil coneuinption in rxpireaed in pounde per i.h.p. per hour. 4n the 
ideal engine the volume of charge per cycle is V|, and the volume of charge 
per pound of fuel at maximum load is L. Thcrt'fore, the weight of fuel injected 
per cycle at maximum load is 


\\-Yx I IT? 

L "100 “ 


.003831b. 


At QMksimum load the heat adtied per cycle ie 
/f^l8,000_ 

But at normal load the fuel adnuasioo ^cut off, lo that only 42.02 wt 
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•dkM. Tb«ref«r«. the amount of fuel injected at normal load w only 

or 0 716 of that injected at maximum load. Therefore, the oil used per hour ii 
At maximum load.O 00303 XI 26X60 •29 46 lb. 

At normal load, 29.46 X 0.715 - 21 06 Ib. 

The probable real i.h.p. is 82.7 and 52.4, respectively 
Therefore, the oil consumption is 

(1) •■0.356 lb. per i.h.p. per hour 

(2) ^-0.402 lb. per Lkp^ hour 
EXAMPLES FOR PRACTICE 

What are the probable actual efficiency, i.h.p., and oil con- 
sumption of the engine \vhose ideal performance has been worked 
out in the previous examples for practice (1) at maximum load and 
(2) at normal load? Efficiency of the real engine is .7 of the effi- 
ciency of the ideal. “ 

(1) 0.386 efficiency 
193.2 i.h.p. 

. 0.361 lb. of oil per i .h.p. per hour 

(2) 0.402 efficiency 
130.5 i.h.p. 

0.352 lb. of oil per i.h.p. per hour 

FUELS AND FUEL MIXTURES 

COMPOSITION AND HEAT VALUES OF ENGINE FUELS 

CUssffication of Oues. The fuels used in gas engines are 
extremely variable in origin, in composition, and in heat value. 
They consist almost entirely of the chemical elements carbon, hydro- 
gen, and oxygen, and theb compounds, diluted with more or less 
nitrogen. The intelligent appreciation of the method of manufac- 
ture and of the advantages of gaseous fuels in general, and producer 
gas in particular, necessitates a dear understanding of certain 
fundamental facts. 

Gases may be divided into three-classes: elementary, compound, 
and mixtures. Elementary gases consist of one element only— as 
oxygen* for instance. Compound gases are composed of two or 
iBon dcBMOta io dieiiiical oombtaation* ludi u manh gat, in which 



42 


GAS AND OIL ENGINES 

carbon and liydrogen are combined. Mixtures are not definite 
compounds, but consist of two. or more elementary or compound 
gases simply mixwl together without any chemical affinity exist- 
ing between any of tlie constituents. Air is such a mixture, 
con.sistwig essentially of 21 parts of oxygen and 79 parts of nitrogen 
by volume; or 2:i parts of oxygen and 77 parts of nitrogen by weight. 

Characteristics of G)mmon Oases. 'Fhe presence of certain 
(lesirahle or inuh’siralde constituents will give the gas desirable or 
undesirable pro|K'rties, and these pro|)crties will be proportional to 
the relative percentage present of the constituents in question 
Hence, it is desiral)le to kruov the pro|)«‘rties of each constituent, .so 
that its effect on the gas as a whole may be «lctennincd. 

Hydrogen. Hydrogen is the lightest known substance, is color- 
less, odorless, non-poisonoU';, vrry combustible, non-Iuminous, and 
burns with a pale l>lue (lame. 

Mnrsh ]\lar>h gas, als<> calhsl met ham’, is ixlorless, color- 
less, has a high calorific {M)Wor but .slow rate of combustion, and 
burns with a slightly lumijious llamc. 

Olefiant (ouH. Olefiant gas, also called ethylene or cthene, has a 
high calorific jK»wer, is colorless and odorless, and burns with a very 
luminous flame. It is st>metimes spoken of as an “illumlnant”. 

Carbon M(ino.rule. Garlnm monoxide, also called carbonic 
oxide, i.s a dea<lly poison,. colorless, (kIoHcss, insoluble in water, and 
burns with a blue flame. 

Carbon Vionde, ( arlxm dioxide, also called carlnmic anhy- 
dride or carl>onlc acid, is soluble in water, odorless, colorless, and 
non-combustible. 

Oxygen. Oiygen is (xdorless, tasteless, miorlcss, and its pres- 
ence in gas decriNiscs the amount of oxygen that must be furnished 
for combustion. 

NUrogen. Nitrogen is mlorless, colorless, non-<‘ombustible, and 
has no effect in combustible mixtures except to act as a diluent. 

U’o/rr Vapor. Water vapor cumr.s from uiidecomposed steam 
passing through the fuel. On acrount of its high specific heat it 
may cause a large heat loss. 

Physical Properties of Oases. Volume. The volume of a gas 
varies with the temperature and prcs.sure. In order to secure 
comparable results from different' tests, it is necessary that some 
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definite standard be used, ifo standard condition is taken as 
62 degrees and a pressure of 29.92 inches of mercury. 

Dermty. The density of a gas is the ratio of the weight of a 
unit volume of the gas to the weight of a unit volume of another 
gas taken as a standard, and at the same standard condition. {lydro* 
gen and air are the standards usually used. 

Thermal Capacity. The thermal capacity of a substance is the 
heat required to raise the temperature of a unit weight of it one 
degree. The specific heat of a gas is the ratio between the thermal 
capacities of equal weights of the gas and of water. 

Sensible Hca*, The sensible heat of a gas is the heat it carries 
by \'irtue of its temperature. The sensible heat per degree rise of 
temperature is equal to the product of the weight of gas and its 
specific heat. 

B. T. U. The British thermal unit (B.t.u.) is the amount of 
heat required to raise the temperature of one pound of water one 
degree Fahrenheit. 

Calorific Pou'er. The calorific power (or the heat value) of 
a gas is the number of heat units evolved by the complete com- 
bustion of a unit volume or weight of the gas. 

High and Low Heat Values. When the heat value of a fuel 
gas is determined in a calorimeter, the products of combustion are 
cooled to the original temperature of the air-gas mixture. Most of 
the water vapor formed by the combustion of the free and combined 
hydrogen in the gas is condensed by this cooling. The measured 
quantity of heal, therefore, includes the latent heat of the water 
vapor (the heat given up by the water vapor in condensing from 
steam at the temperature of the mixture to water at the temperature 
of the ihixture) recovered during this condensation. 

The low heat value is the heat value of the gas when none of 
the ^ater vapor formed by combustion has been condensed. This 
is the value on which gas engine efficiencies are usually based, since 
a gas engine cannot utilize the latent heat of the water vapor and 
therefore should not be charged with it. 

The high heat value is the heat value of the gas when all of the 
water vapor formed by combustion has been condeosed*-but with 
none of the water vapor contained in the original gas or air con- 
densed* To be sure that this condition obtains, the eghaust gas 
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TABLil IV 

Combustion Products 


fw. 

Symbol 

CoMBitanoN Probdct 

VoLWM* ArrM Con- 
DuanoN, n* Cv. Ft. 
or Gao Burncd 

H/> 

Cu Ft. 

CO* 

Cu. 

Carbon monoxide 
Hydrogen. 
Methane 

CO 

//l 

2CO + 0,« 2COi 

2 //, + G,- 2H/) 

1 

1 

r//. 

CHi V20,- rO,+ 2H^ 

2 

1 

Ethane 

f’l//. 

2C,H, + 7G,- 4r0,+ 6///) 

3 

2 

Ethylene. 

r,//. 

r,//, + .TO,- 200,+ 2II/> 

2 

2 

Acetylene 

r,w, 

20, i/, + .-A- 400,+ 2Hfi 

1 

2 

Benxene 

fV/, 

20,//, +1.A-1200,+ 6///) 

3 

6 

Hexane 

(’ //., 

20.//u + 1 A - 1200,+14///) 

7 

6 

Nonane 

c,n^ 

0.//^ +110,- 900, + 10///) 

10 

0 

Methyl alcohol . 
Ethyl aieohot , 

C 11 /} 

20 //;o+ no,- 200 ,+ 411/) 

2 

1 

CJIJ) 

/',///) h A- 200,+ 3///> 

3 

2 


must have the same humidity (water vapor content) as the original 
gas and air; othcrudse this divergence must be corrected for. 


CALCUUTION OF PHYSICAL PROPERTIES OF A GASEOUS FUEL 

Chemical and Physical Data. Table IV gives the names, 
chemical symbols, and combustion reactions of the various con- 
stituent gases contained in the gaseous fuels ordinarily used in 
engines. Table V gives the* physical properties of these constituent 
gases. From these tables, and knowing the analysis — the percent- 
ages by volume or by weight of the constituents — of a particular 
gas, the physical properties of the mixture can be calculated. 

Volumftrlc and We^ht Analyses. The tolumtiric ano/ym 
can be determined from the analysis by weight by dividing the per 
cent by weight of each constituent present by the specific weight 
of that constituent (weight of one cubic foot under standard 
tione) as given in Table V, and dividing each quotient by the sum of 
the quotients, The ano/ym 6y weight is determined in the reverse 
naiiMr by multiplying the per cent of volume of each constituent 
by the specific weight and dividing each product by the sum of the 
products. Molecular weights may be used in place of specific weights. 

Bxampit. A typical producer gu made from antlrndte coal hat the 
foHevhig aaalyita by volume: CY^, 5.2; Gi, 0.4; CO, 22.0; Ht, 15.3; Cir« 1.0; 
NaWJ. WhaiiatlMaBalyMby eeiglqr 
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Sduli/m. 

* Pff tt nl Sii*-* ilic Prr cent 

l.y V-l \V< tKht liy Wvifht 

('(t: r, jxo r»i20- *> 2 

Oj 0 JXO osii (ro.{.«ixi<K»v(i .'ii2r»== o r)* 

CO 22 0X0 07;n ^ l OSOII x KK) . O 25.0 

* II: 15 .1X0 (Xra 0 0.SIIX100 r<i 5120- 1 2 

(7/, 1 0 x0 m21 0 0121 XHH) : 0 5120 .-= 0 0 

A', 55 2 XO 07:;s 1 07 :{H X 1(K) : 0 5120 ■= (72 0 

IIN) 0 0 5120 i(X).0 

Spcciftc Wcijjht. 'I’Im* wrifjlit can be determined by 

multiplying tlie Vdlornetrii’ per rent of each eonstituent present l)y 
the spe<i(ie weij'ht of that eonstituent as ijiven in Tal)Ic and 
divulin^ tlie sum of the proibn ts so <»btained by KKK 

Ilxamplc. Wlial i.s I he sixvilie weiuhl of Ihe pa.iof 'lie preenliiiR problem? 

Soluhim. From the «»liilion of the pievioii.s problem (he Hum of the 
prorliielH of the Hpeeilie weiKhl.s of the eonNlihienis by the volumetric |M>reenfagc 
is 6.5120. Therefon', the M|Mrilu; ueighl of the pro<hirer gas is 

j|^J‘**“0.(Xm 1 lb. |MTeu. ft. 

Density. Tlie density is determined l>y diviilinj; the speeific 
weijtht of the gaft liy the specific weight of air. 

Ilxample. What is the detwity of the produrer gas of the previous prob- 
lems? 

Sitlulion, 

^ . 0 0051 - orr.t 

SpcciAc Heat. TKe .-^1)0^60 heat is determined by multiplying 
the per cent by weight of each constituent present by the speeific 
beat of that constituent, as given iti Table V, and dividing the sum 
of the products thus obtained by 100. 

Example. What is the specific heal at ronstanl pressure of the producer 
gas of the previous problems? 

Sofutum. 

I’rr fe«l « 

by Wfi,bi 

COf 0.2 X0.203- 1,868 
0,- 0.5X0.21S- 0.109 
CO - 25.9 X0.243 - 6.204 
A/,- I 2 X3.400 - 4.091 
CHt" 0.6X0.580- O.aW 
Nt - 6^X0 244 - 15.274 
100.0 27.089 

Specific beat - • 0.280 
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The specific heat at constant volume is found in precisely the 
same manner, only using the values for the specific heats at constant 
volume of the constituents in place of the specific heats at constant 
pressure. 

Weight of Oxygen or Air. The weight of oxygen or air^hemi* 
cally necessary for complete wmbustion is determined by multiplying 
the per cent by weight of each constituent present by the wreight of 
oxygen or air required by that constituent, as given in Table V, and 
dividing the sum of the products so obtained by 100. 

Example. What ia ihc weight of air chemically ncceaaary for the com- 
bustion of the producer gas of the previous problems? 

Solution. 



Por c^nt 

WVighi 



by Weight 

<)( Air 


to, 

9 2X 

0- 

0 00 


= 0 .*>X 


-0 5 

CO 

»2.V9x2 

477 = 

64 14 

H: 

*■ 1 2X34 

41 74 

Clf, 

» 0 6X17.32- 

10 39 

S’t 

-62.6X 

0* 

0 00 


100 0 


115. f?’ 


Weight of air required » » 1 . 16 lb. per lb. of gu 

Volume of Oxygen or Air. The volume of .oxygen or air chem- 
ically necessary for complete combustion is determined by multi- 
plying the per cent by volume of each (X)nstituent present by the 
volume of oxygen or air, as the case may be, required by that con- 
stituent, as given in Table V, and dividing the sum of the products 
thus obtained by 100. 


Example. Whnt is the volume of air chemically necessary for the com- 
bustion of the producer gas of the previous problems? 


Solution. 


COi 

- 5 2X 

0 00- 

0.00 

Ot 

- 0 4X-I - 

-0.40 

CO 

-22.9 X 

2.38- 

54.50 

Ht 

-15.3X 

2.38- 

36.42 

CH, 

- l.OX 

9.52- 

9.52 

N, 

-55 2X 

0 00- 

0 00 


100 jOO 


100 04 


Volume of air required • • 1 .00 cu. ft. per cu. ft. of gif 
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Exceis of Air for Perfect Combustion. In practice, more air is 
used for combustion than the amount chemically necessary. If 
only the amount chemically ncr--cssary were used, the combustion 
would not be complete. The amount of excess. air, therefore, is 
such as to give the most complete, or best, combustion and varies 
between 35 and 5.5 per cent over that chemically necessary. 

Example. The producer giui of (he previous problems requires an excess 
of air of 35 per cent over (hat chemically necessary, to give best results. What 
is the amount of uir require<l per cubic fool of the gas? 

Solution. 

Volume of uir chemi«’ally iie< esN:iry is 

I (10 cubic f(X)l per cubic fool of gas 
Volume of uir necessiiry to give licst results is 

1 00 X I 35 “ 1 35 cu. ft. per cu. ft. of gas 


Heat Value of Gas. The heat value of the gas is determined 
by multiplying the per cent of each con.stitucnt present by the heat 
value of that constituent- |)rr |Mmnd or per cubic foot in accordance 
with whether the per cent is by weight or volumetrit?— and dividing 
the sum of the pniduets so obtained by 100. 


Example. What is the low heat value per cubic foot of the producer 
gas of the previous protdems? 


iSWafien. 


rO,-.5 2X 0- 0 

Ot~ 0 4X 0- 0 

CO -22.9 X322 - 7.173 
//t- 15 3X281- 4299 
r//,- 1 0X913- 913 

JV,-55 2 X 0- p 


100.0 12, .585 


Heat value 


12,585 
“ 100 


-125.9 B t.u. per cu. ft. 


Htat Value of Explosive Mixture. The heat value of the explo- 
sive mixture per cubic foot can be determined by dividing the heat 
.value of a cubic foot of the gas by the sum of the volumes of the 
gas and air. 


Example. What is the tow heat value of the exphwve mixture of the 
producer gas of the previous problems and air (1) when just the amount of air 
cheiDically necessary is present, and (2) when there is an exeesa of air of 35 per 
cent over that chemkalty necessary? 
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AotuKon. 

(1) Low heat value of the explosive mixture 

~~^-63.0 B.I.U. per cu. ft. 

(2) Low beat value of the explosive mixture 

Contraction in Volume. The contraction due to combustion is 
the difference in volume between the original explosive mixture and 
the products of combustion when the latter have Wen cooletl to the 
original temperature of the mixture. 

The contraction is determined by multiplying the volumetric 
per cent of each constituent present by the volume contraction of 
that constituent, as given in Table V, and dividing the sum of the 
products so obtained by 100. 

Example. What is the contraction, water vapor uncondensed, of the 
producer gas of the previous oroblem in burning? 

iSolulion. 

Per cent 
by Volunt 

CO,- 6.2 

0,- 0. 4X1.0- 0.40 
CO -22 9X0.6-n.43 
//, -15. 3X0.5- 7.65 
C«4- l.OXO.O- O.ff 

Nf 55. 2 

100.0 19.70 

Contraction - ^ *0. 197 cu. ft. per cu. ft of gas burned with water vapor 
ttneondenaed 

Vpluffletric Analysis of Exhaust Qas. The volumetric analysis 
of the probable exhaust gas can be determined by multiplying the 
volumkric per cent of each constituent present by the volume of 
water and carbon dioxide formed by the combustion of that con- 
stituent, as given in Table IV ; adding the per cent of nitrogen in the 
gas to the volume of nitrogen present in the air required for the 
combustion of 100 cubic feet of the gas; determining the volume of 
oxygen in excess of that chemically necessary for the combustion of 
100 cubic feet of the gas; then adding all these quantities, dividing 
each item by the sum, and multiplying by 100. 
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Example. What is the probabli? volumetric analysis of the exhaust gas 
from the coinbuHtion of the producer gas of the previous problems in 35 percent 
excess air? 

Snlulion. 

Volume uf Hir (-hemically necessary for combustion 

1 00 cii. ft. per cu. ft. of gas 
Volume of air reiiuircd (35 per cent c-xeeas) 

135 cu. ft. per 100 cu. ft. of gas 
Volume of nitrogen in the air 

135X0 70 = lOtj 7 cu. ft. per 100 cu. ft of gas 
Volume of oxNgen in the air 

135- 10b. 7 -2S. 3 cu. ft. per 100 cu. ft. of gas 
Volume of oxygen chemically neeefwary 

lOOXO 21 -21 0 cu. ft. per 100 cu. ft. of gas 
Volume of oxygen reirminitig in the eximu.st ga.s 


2s.: 

1-21 0-7.3 cu. ft |>er 100 eu. ft. 

uf gus 

Volume of the exhuusl gits m >y 

be caleulaleil thus: 



Uf) 

COt A', 

Ot 

ff),- 5.2 


Xl» 5 2 

I Used in 

0," 0.1 


CO « 22 9 


Xl«22.9 

(combustion 

//,- I.-).! 

XI -15.3 



(7/4- I 0 

X2-. 2,.0 

XI- 10 


A'j«* 5.5.2 


55.2 


/v,-ioo7 
1 "-- ’ ' 


106 7 

7 3 

Total 

ITa 

+ ^TT + loTo 

+ 77-215.6 

Cktek, 





Volume of air and gas before eombtistion 

135 + IU0»2:J5 eu ft per 100 cu. ft. of gas 
Contraction due to combustion 

19 7 cu. ft |)«r 100 cu. ft. of gas burned 
Volume after combustion 

335 19 7, or 215.7 cu. ft. per 100 cu. ft. of gas 

CaleukUion$ for Exhaust Gas. In all apparatus for the analysis 
gas, the gas is cooled off and the water vapor condensed out, and therefore 
ansJysis of the exhaust gas should be given oo a dry basis. In this esse it \ 
be given on both. 
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ANALVaii 

Voluiha from Per Cent of Water Per Cent of Wntef 

Combuetion of Vapor I'nrorHlenMd Vapor Coodenaad^ 

100 cu. ft. Cat. 


17.3 2^X100- 8.0 


CO, 

OQ 1 

0, 

7 3 j^ix.OO- 3 4 


Nt 

161.9 ijl^gXlOO-TS 1 

T5OXI00-81.6 


100 0 

100 0 


Thercfor« the volume of exhaust gases per 100 cubic feet of gas is as follows: 
With water vapor uncomlensod »215.6 cu. ft. 

With water vai>or condensed - 198 3 cu. ft. 

The analysis by might, the xpecific unight, the dfrisity, and the xpecijie 
heats of the exhaust gas can l>e dctermincMl in pn‘cisely the same manner as for 
the producer gas. 

EXAMPLES FOR PRACTICE 


1 . ’VYhat is the analysi-s by weight of the natural gas given in 
Table VI? 

Ans. 


Ht, 0.3; CHi, 90.9; CtH„ 0.5; CO,. 0.5; CO, 1.0; 0,. 0.8; N,, 6.0 


Ans.' 


2. NNTiat is the specific weight and the density of the gas? 
/Specific weight « 0.0431 lb. per cu. ft. 

Density *=0.506 

3. What are the specific heats, at constant pressure, and at 
constant volume? 



0.567 
■ 0.441 


4. What are the weight and volume of air chemically necessary 
for combustion? 

/ 15.95 lb. of air per lb. of gas 
”^■(8.96 cu. ft. of air per cu. ft. of gas 

5. * If, to obtain best results, the air must be 56 per cent in 

excess of that chemically' necessary, what b the volume of air actually 
necessary? Ans. 13.97 cu. ft. of air per cu. ft. of gas 

6. What is the low heat value per cubic foot of the gas, and of 
the ideal and actual explosive mixture? 

fSOl B.t.u. per cu. ft. 

Ans. j 86.4 B.t.u. per cu. ft. 

[ 57.5 B.t.u. per cu« ft. 
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7. What is the contraction due to combustion? 

Alls. 0.013 cu. ft. per cu. ft. of gas burned 

8. What is the volumetric analysis of the probable exhaust gas 
from the actual explosive mixture (1) steam uncondensed and (2) 
steam iondensed? 

f//, 0 12.6, COt 6.3, N,74.0. 0,7.1 
\ COt 7.2, AT, 84.8, 0,8.0 

9. Check the volume of air chemically necessary for the gases 
of Table VI. 

PROPERTIES OF GASEOUS FUELS 

Illuminating Qas. In those regions where natural gas occurs, 
that fuel is used almost exclusively in the gas engine; but in most 
regions the gas has to be made from either solid or from liquid fuels. 
Tlie use of liquid fuels will be considered later in connection with 
the discussion of the «il engine. In most towns of moderate size, 
there is available illuminating gas made from coal. The illuminat- 
ing gas is made by one of two processes, giving either coal gas or 
water gas. There may also be available cofce’Oten gas, oil gas, or 
other special gaseous fuels. 

Coal Ca^. Coal gas is made by heating bituminous coal in a 
retort, away from contact with the air, so that no combustion takes 
place. The hydrocarbon gases in the coal are driven off by the heat, 
and, after undergoing various purifying processes, are i*ollected in a 
holder. The non-volatile part of the coal remains as coke. The gas 
consists mainly of hydrocarbons, and has a high heating value. 

Water Gas. Water gas is made from a non-gaseous fuel, such as 
anthracite ami or coke, by an inlerraittent process. Air is blown 
through a bed of ami several feet thick, until the coal is incandescent, 
the products of combustion being permitted to escape. Then a jet 
of steam is blown through the incandescent fuel, and is thereby 
broken up into its constituent elements^-hydrogen and oxygen.* The 
oxygen combines with the carbon of the fuel to form carbon monox- 
ide (CO)', the hydrogen goes off unchanged. The pas.sage of the 
steam quickly cools the cool, and air has to be blown through again. 
The only gas collected is that generated during the steam blow; it 
consists principally of hydrogen and carbon monoxide, and has a 
much lower heating value per cubic foot than coal gas. The whole 
of the coal is consumed in this process. If this gas is to be used for 



TABLE VI 

Votumetric Composition, Heat Value, Etc., of Fuel 
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illuminating purposes, it has to he enriclied by the addition of liydro- 
carbon vapors obtained by lieating crude oil or other oil. 

Both eoal gas and water gas are excellent fuels for use in a gas 
engine; but since, for cleansing them and increasing their illuminating 
power^ they have gone through certain processes which increase the 
cost of the gas, but do not ad<l materially to its value for gas-engine 
use, and since, also, the cost to the consumer is considerably greater 
than the cost of pro<ln(‘ti(»n, they are not economical fuels. Such 
fuels .shouhl be used only when the engine is small or its operation 
infreipient. 

Coke-Oven Oas. \\ hen bituminous coal is heatwl in a retort, 
the products of the process are gas, tar, ammonia, and coke. In 
city gas plants, the first is the principal product and the rest are by- 
products. 1 here are In this country a considerable number of by- 
proiluct coke ovens whh h carry out the same prtx ess as in city gasf 
plants, but with a ditl'erent purpose in view, and with more com- 
l)lete separation of the by-pro«lucts. The coke-oven gas, which is 
obtained as a by-product from such ovens, does not differ materially 
from coal gas. 

Oil Qas. Oil gas is obtained by lui.xing the vapor of crude or 
other mineral oil with su|M*rheated steam, and sending the mixture to 
a retort where a temp<‘rature of about COO® F is maintaiiuxl. The 
vapor is there <’onverted Into a lum-condensable gas very rich in 
hydrogen. 

Blast-Furnace Gas. Blast-furnace ga.s is the gas that comes 
from the top of a blast furnace, which is simply a huge gas-producer. 
Ill the past, it has eitliiT htim burned there, anil consequently wasted, 
or has been burned under Iwilers for generating steam. It is a much 
weaker gas than any of the others described, but can be usetl most 
.satisfactorily and eeonomieally in gas engines. Naturally, it is 
available only at blast-furuaft' plants. * 

Producer Qas. If gas is not taken from any of these sources, 
it can he generated sjH*eially for the engine in a gas-producer. 

In the gas-pnalui'er, either air alone, or generally both air and 
steam, are sent through a thick bed of coal. The oxygen of the air, 
on first striking the zone of the incandescent coal, combines with the 
carbon to form carbon ilioxide (CO,) ; but this, on passing through 
the burning coal above, is reduced to carbon monoxide (CO), which 



GAS AND OIL ENGINES 


55 


'escapes with the hydrogen and carbon monoxide resulting from the 
action of the steam on red-hot coal and with the nitrogen w'hich came 
in w'ith the air. The resulting gas, therefore, consists almost entirely 
of carbon monoxide, hydrogen, and nitrogen. The large amount of 
nitrogen in the air (79 volumes in 100) makes producer gas Contain 
50 per cent or more of that inert gas, ami consequently gives it a 
low heat value. 

Characteristics Compared. Composition. The compositions of 
the various gases mentioned are given in Table VI (p. 53). They 
are all rich in hydrogen and marsh gas, with the exception of blast- 
furnace gas and producer gas. The presence of large quantities of 
hydrogen makes a gas engine peculiarly liable to premature ignition. 
A.s this phenomenon is particularly pronounceil and particularly 
objectionable in large gas engines, those gases only which contain not 
in<^e than 10 to 12 per cent of hydrogen are de.sirablc for large powers. 

Heat of Combustion. The heat of combustion of a cubic foot of 
each of the gases under the standard conditions— that is, with the 
gas at 62® F. and at a pressure of 14.7 pounds per square inch— is 
also given in Table VI. There is a very large range in the values, 
the extreme range from natural gas to blast-furnace gas being a 
range of 12 to 1. 

Volume of Air Used in Combustion, The volume of air chemi- 
cally necessary for the combustion varies,, however, through a range 
which is almost as great; for natural gas it is 9 times the volume of 
the gas; for blast-furnace gas only The volume of air actually 
necessary varies through a greater range; for natural gas it is 14 
times the volume of the gas; for blast-furnare gas only 1. 

Heat of Combustion of Mixture. The heat of combustion of a 
cubic foot of the perfe< t explosive mixture is, for natural gas, about 
100 B^t.u.; for blast-furnace gas, about CK) B.t.u. ; that i-s, the heat of 
c'ombustion of a cubic foot of the explosive mixture does not vary 
much, even in the two extreme cases. In practice, more air goes to 
the Cylinder with the gas than the amount that is chemically neces- 
sary’; an excess of at least 35 per cent over that amount b u^ual. 
Such excess of air results in more complete combustion, and con- 
sequently gis’es greater economy. Table VI gives the average heat 
of ^ipbustion per cubic foot of the theoretical mixture and of the 
actual nuxture. 
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PROPERTIES OF LIQUID FUELS 

lntfrnal-rombusti«m niotors can he made to work with any 
explosive mixture. Mixtures of air with gaseous fuels are natu- 
rally the mixtures most easily made and controlled. Generally, mix- 
tures of air with liijuid fuels offer no particular difficulty. Mixtures * 
of air with solid fuels, .such as powdered coal, have been tried, but 
are not practicable, on account of the ash which remains in the 
cylinder and rapidly abrades it 

The li(iuid fuels which are cxunmercially available are crude 
pelfideum and it.i dl!itillah'.H, and alrohtd. 

Crude Petroleum. Onde ix troleum ocx urs at many parts of 
the earth’s surfa< e, the principal sources being the United States and 
the Baku <listri( t in the (Caucasus. In the United States the prin- 
cipal fields are in IVwnsylvania, Ohio, Texas, and California. phe 
oils from these <lifTcrent fields are very different in their character- 
istics. They <’onsist almost entirely of t om|H)unds of hydrogen and 
carbon— the so-called hydrocarbons. The crude oils are made up 
principally of closely relaleil (*oniiM)unds, some of which, on separa- 
tion, are ga>wous, others liquid, and still others solid at ordinary 
temperatures. The licpiid constituents are of different densities and 
volatilities, varying from an extremely light liquid, which evaporates 
rapidly at atim)spheric tcmp(‘rature (just as alcohol and ether do), 
to heavy, viscous liquids, which have to be raised to a high tempera- 
ture l)efore they will give off vapors. The character of the crude 
oil depends on the relative amounts of these various constituents. 
The Pennsylvania, Ohio, and Baku oils contain a considerable pro- 
portion of the lighter liquid constituents. The Texas and Cali- 
fornia oils contain very little of the lighter constituents, but consist 
mainly of a different .series of liydrocarbons. having close chemical 
relations with asphaltum. ' 

The crude oils from renn.sylvania and Ohio can be used in oil 
engine.s. The Texas and California crude oils can also be used, but 
only with difficulty anti in engines specially designed for such oils. 
The crude oil, because it is a mixture of substances of very divergent 
physical prtiperties, is not a satisfactory fuel; those engine conditmns 
which are favorable for burning one part of the oil are not neces- 
sarily favorable for the other constituents. 
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Refining Products, The Pennsylvania and Ohio crude oils are 
commonly refined before using. The refining is a process of distilla- 
tion carried on in closed retorts. If crude petroleum is slowly 
heated, it gives off as vapor its various constituent elements; the 
more volatile being given off at the lower temperatures, anil the 
residue becoming continuously more dense and more viscous. In 
the refining of petroleum, the vapors given off at various tempera- 
tures are condensed and collected separately; the names given to 
the various products are an index chiefly to the temperature at 
which they give off their vapors. The most volatile of the ordinary 
products contains all the elements that vaporise at a temperature 
below 160® F., and is called gasoline. It gives off some of its lighter 
vapors at the ordinary temperature of the air; hnd, as these vapor!^ 
are highly combustible, gasoline is quite dangerous. When mixed 
with from 8 to 20 parts o^ air, it forms an explosive mixture which 
gives a more rapid explosion, and consequently higher pressure, than 
do mixtures of eqtial heat value with any of the gaseous fuels. When 
exposed to the air, the lighter vapors escape, leaving behind a 
heavier and less volatile oil. 

If petroleum which has been heated for some time at 160® F. is 
slowly raised in temperature to 250® F., a new and heavier series of 
vapors will be given off, which, when condensed and collected, are 
called benzine or naphtha. On further raising the temperature 
from 250® F. to 350® F., a still heavier series of vapors is given off, 
forming the oil knowm as kerosene. Kerosene will not give off inflam< 
mable vapors till it is heated to about 120® F., so that it is compara- 
tively safe, and will not change or deteriorate when stored under 
ordinary conditions. It is more diflicuit to burn satisfactorily than 
is gasoline: and, when subjected to a high temperature with insuffi- 
cient air for its combustion, it decomposes and deposits its carbon 
as a hard cake on the walls of the containing vessel.. The dense 
petroleum which remains after the kerosene has been driven off is 
called fuel oil. If the fuel oil is subjected to still higher temperatures, 
other and denser vapors are driven off, giving, when collected, lubri- 
cating oils, cylinder oil, and ^paraffine wax, and leaving, finally, a 
dense, sticky mass, which is known as residuum. 

The ordinary distillation is into three “fractions*'; but the dis- 
tillation can be made in as many steps as desired, and by re-distilla- 
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TABLE VII 

DcnsitiesCorrcsponding to Decrees Baumefor Liquids Lighter Than Water 





Ocnslly 

" 

Doirr.'.'* 

HaiiinC 

Ofirtny 

Drirc^s 

Uauiii^ 

Dcniity 

10 1 

1 (MKX) 

;io 

0 S7.')0 

.W 

0 7778 

70 

0 7m 

12 

0 OH.'-, 9 

.'12 

0 S()42 

.'■.2 

0 7092 

72 

0 09.31 

H 

0 9722 

:i4 

0.8.'):i7 

.'■.4 

0 7009 

74 

0 08f»:5 

l« 

0 9.^S9 

:9i 

0 84:M 

.'Wi 

0 7.V27 

70 

0 0796 

18 

0 94.M» 

:ts 

0 8:i:i:t 

.W 

0 7147 

78 

0 07.31 

20 

0 9;ia;} 

411 

0 H2:{r» 

r.0 

0 7.308 

SI) 

0 0007 

22 

0 9211 

42 

0 Him 

H2 

0 7292 

84 

0 0.‘)42 

24 

0 90<.it 

; 44 

0 H(Ml> 

01 

0 7210 

•HS 

0 0422 

2« 

0 H971 

If. 

0 Tn.vi 

00 

0 714:5 

1 92 

0 0:50« 

28 

0 SMHI 

18 ! 

' 0 7HIm 

(W 

0 7071 


0 019.3 


tion inon* and iiiorr < (itnplrte separation of the iiidivicliial eompo- 
iK'iits eun he eU'eeted. As tin* praethe in distilling varies in the 
different oil refineries, an fiidless variety of distillatos of |H*trolrutn 
is purohasahle. 

Di'iinity Ilext Indiration of Proprrtiri* of Product. The best indi- 
cation of the fjenerul physical pro|H*rties of any petroleum product is 
found in its density, as eu<h constituent of the petroleum has a 
(lifferent density. The density is not, however, an entirely satis- 
factory indication, since a mixture of heavier and lighter oils may 
have the .same density as .s(»me intermediate <»il. 

The density of a li<piid is the weight of the unit volume of that 
liquid at GO® I-'., as compared with the weight of the same volume of 
water at (iO" F. All the liqunl fuels are lighter than water. It is 
the common practice to spt'ak of the density of ix troleum prmiucts 
in degiXH’sIhiiime. This is an arhitmry s< ii!e, with nothing to recom- 
mend it. Its relation to true «lensity for liquids lighter than water 
is given in Table VII. 

The density of gasoline varicN from .t)7 to .71 ; of kerosene, from 
.75 to .S2; of fuel oil, fnun .S2 to .,S5. ‘ 

The higher the density, the less the degrws Hatime. The heats 
of combustion of the various enule oils and their distillates <lo not 
vary greatly; they range from 18,000 to 2(),0lH) B.t.ii. per pound. 

Denatured Alcohol. The action of the I'nited States Gov- 
ernment in removing the excise duty from denatured alcohol has 
made that substance commercially available for use in internal- 
combustion motors. There arc two principal kinds of alcohol: (1) 
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TABLE VIII 

Heat Values and Mixture Proportions for Common 
Liquid Fuels 



Gasvunc 

KmoilKNir 

Aucohol 
90 IVr Oni 
b) Vol. 

CHvbK Oil 

Ixiwcr hoal value — B.t.u. per lb. 

20,500 

20, .300 

10,900 

18,000 

.\ir rhcmirally norewary f)er lb 
of fuel— in cu. ft 

1H9 

1.87 

101 

176 

Heat value of ideal mixture— 
B.t.u. per ('ll. ft.* 

108 .> 

lOH 5 

108 0 

102 0 

Air actually neceiisary per lb. of 
fuel to give best results— ml 
cu. ft 

.300 

300 

If).') 

.305 

Heat value of actual mixture - i 
B.t.u. jK-r ('u. ft.* 1 

fiK 

07 .'i 

Of) 0 

i 

5ft 0 


•In i-iplon\( tiiututri f>f vtpnr^ ittul air. the vohitnr uri-upiPil hy ihP furl 

vapor, when compsrt^l wuh the v,Hume »( mr. i>i »o .nmall that it may hr neulrrir.l aithoul nerioua 
error In the .iIkivc table the Ufat Value o( the Mixture, Meal ami Actual, wa-* calculated on 
the aliove aaaurnpiion 

ethyl or gnua alcohol (C 2 // 9 O), whicli can he mtule from corn, r>'c, 
rice, molasses, beets, or potatoes, by a process of fermentation and 
distillation ; anti (2) vi ethyl or wood alcohol {('11^1), which is obtained 
from the destructive distillation of wood. (Jrain alcohol is that 
which is present in alcoholic beverapes; wikmI alcohol is a virulent 
poison. Denatured alcohol is grain alcohol which has f)een ren- 
dered unpalatable and unfit for consumption by the addition of 
wood alcohol and a little benzine or other substance. The common 
composition of denatured alcohol is 100 volumes of grain alcohol 
mixed with 10 volumes of wood alcohol and \ volume of benzine. 
This sjibstance contains within itself some of the oxygen which is 
necessary for its combustion. It gives up alx>ut 11,800 B.t.u. per 
pound on burning, which is not much more than one-half as much 
heat per pound as gasoline or kerosene. 

Data on Liquid Fuels. Table VIII gives the lower heat value 
in B.t.u. per pound; the volume of air, chemically and actually neces- 
sary, per pound of fuel ; and the heat value of the ideal and actual 
explosive mixture in B.t.u. per cubic foot, for the more common 
liquid fuels. 
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EXPLOSIVE MIXTURES 

Proportions of Qas and Air for Various Fuels. An important 
characteristic of n furl is its cxplosibility with an excess or deficiency 
of air. It is not p<issiblc or desirable to regulate the air supply to 
an enf^inc so that there shall always be present exactly the amount 
chemically necessary. Other things being equal, that fuel is best 
which will permit the largest variation of the ratio of air to fuel 
without failure to ignite. Coal gas, which unites with 5 to 7 times 
its own volume of air, will ignite— at atinospherie pressure — with 
any amount of air between 4 aiul 12 times its own volume; water gas 

(uncarbureted), using 
.3.0 times its own volume 
of air, will ignite between 
the limits of 0.5 and 7 
times its own volume. 
That is, an engine u.sing 
uncarbureted water gas 
will function under a 
much larger variation of 
the ratio of air to gas 
than will a coal-gas en- 
gine. To get complete 
combustion, the air sup- 
ply must always be some- 
what in excess of that 
chemically necessary. If 
it is much in excess of that amount, the combustion may be com- 
plete, but it will be shiwer and will not give such good efficiencies. 

Explosibility of Various Proportions of Coal Qas. The curves, 
Fig. 14, are for mixtures of coal gas and air at atmospheric pressure 
exploded in a closed vessel. They show the effect of the ratio*of air 
to gas on the maximum pressure obtained by the explosion, and on 
the time it takes the mixture to reach its maximum pressure. It is 
seen that a mixture of I part of gas to about 6} parts of air gives the 
maximum pressure 02 pounds, absolute; and also that the same, or a 
slightly stronger mixture, gives the minimum duration of the explo- 
sion, a duration in the neighborhood of .04 of a second. With the 
sreakest mixture, the time required to reach maximum pressure^ 
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TABLE IX 


Limits of Proportion for Explosive Air-Q«s Mixtures 



PeH CCNTOrCAAINTHC MlXTl'ItC IT VOLl’MC 

Gax 

rnmbinlni 

Proportion 

Wh^n Air in 
in 

Whrif Cm it 
in Eire** 


29 6 

29 I) 

9 5 

5 6 

Iti 5 

9 4.5 

6 1 

4 0 

74 95 
66.4 

12.8 

22 0 

Hydrogen 

Methane 

Ethane 


6 rt 

4 1 

14.6 

Acetylene 

7 7 

3 .3.5 

52 3 

Pentane 

2 fi 

2 4 

4 9 

Bensene 

2 7 

2 65 

6 5 

fR6" Raum^ 

Gasoline ]7l* Rautn^ 

tfi5* Baum4 

Alcohol (95.14% by weight) 

Ether 

65 

3 4 

1.54 

1 .54 

1 31 

3 95 

2 75 

4.76 

4 76 

4 76 

13 65 

7 7 

Water gas 

10 5 

52 3 

Coal gas 


6 7 

18 4 

Illuminating gas 


7 9 

19 1 

Blue oil gas 


4 0 

8 0 




which is approximately the time required for complete combustion 
—is about onc’half sec'ond. As a small gas engine may run at 360 
revolutions per minute, or 6 revolutions per second, there is only 
Vf of a second available for each* stroke; and consequently an 
explosion requiring J of a second is altogether inadmissible. 

Effect of Compression on the Explosion. The compression of 
the charge, which takes place in all gas engines, makes the pressure of 
the explosion much greater, and its duration less, than those shown 
in Fig. 14. With a compression to 60 pounds of the best mixture of 

TABLE X 


Limits of Proportion for Explosive Air-Gas Mixtures at 
Different Temperatures 


XlixTvas 

Tmf »• F 

212* F. 

3»/* F 

572* F." ' 1 

Upper 

Limti 

Ixjwer 

Limit 

Upper 

Limit 

Lower 

Limit 

Vpprr 

Limil 

Lower 

Limit 

Upper 

Mmit 

Ixiwer 

Limit 

Hydrogen and air . . . 

64.7 

9.5 

68.2 

9.5 

72 1 

m 

79 3 

9.6 


74.6 

14.3 

77 2 

13.2 

80 4 

12 5 

57.4 

HKl 


13.0 

6.8 

12 6 

5.8 

12.8 

5.8 

13.0 

5.7 


22.6 


24.7 1 

T.Oj 

26.7 

6.5 

28.6 

6.5 
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rtml gas and air, the explosion in a small engine may be complete in 
about .01 of ii second. With gasoline, the time i.s even shorter, 
'labh- IX gives the limiting pn)portions, or percentages, of gas in 
explosive mixtures, between which the mixture is combustible, for 
the vafious fuels and constituent gases. Table X gives the limits 
for mixtures of <'ombustible gas and air for four temperatures, 
between T)!) aiul r)72 degrees F., for the more common of the constitu- 
ent gases and for illuminating gas. 

FULL-MIXING DEVICES 

Process of Carburction. In order to make an explosive mixture 
of a liqniil fuel with air, it is necessary first to (invert the liquid fuel 
into a Vii|Mir or gas. The lighter distillates - gasoline, naphtha, 
etc., are easily va|M)ri/.ed: the illuminating oils offer some difficulty; 
the f\iel or ennie t)ils art still more tlifficult. 

The cycle of o|M'rations through whieh the engine goes, and the 
general structure of the engine, may be the s«xme for all these oils as 
for the gas engines already tliseussed; the oidy essential difference is 
in the addition of <lc\ ices for .supplying the oil to the cylinder, and for 
its preparat(»ry treatment. 

With the lighter oils, the apparatus for vaporizing the oil i.s 
calietl a carbureter; with the heavier oils, a va|)orizer. 

Tlie va|M)rizati<»n of gasolhie is effected by bringitig the current 
of air that is on its way to the eylimler, over, tlirough, or in some 
other way, into intimate etnitaet with the gasoline. A given volume 
of air will take up an amount of gastdine whieh depends on the com- 
jxwition of the gasoline, the temjxTature of the air and g>t#oline, and 
the humidity <»f the air. When it has taken up its charge of gasoline 
vapor, the air is said to he “rarhuretfsl”. The lighter (and more 
volatile) the ga.soline, the more of it will la* vuiKirizol by a given 
volume of air; the higher the tem[H*rature of the air and gasoline, the 
more gasoline is evniwratcd; also, the drier the air. the greater is its 
capacity for taking up the ga.solinc. 

Atoiding SfUctitf Eraiforation. Ga.soliiie i,s a mixture of many 
components; and on the passage of air over a surface of gasoline, the 
more volatile components vaporiae first, leaving a residue, which 
becomes denser and denser and whieh gives off vapor at a constantly 
decreasing rate. As it is desired that all of the gas^dinc should be 
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taAe XI 

Practiohal Diitillates for Gasoline and Kerosene and Temperatures 
at Which They Are Given Off 
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used in all engines, and that there shouhl be no variation in the 
composition of the carbureted air, this selective evaporation has to 
be prevented. The process of vaporization of the, gasoline necessi- 
tates the supply of the latent heat of vaporization partly from the 
air and partly from the Inxly of the fluid. This results in a cooling 
of the gasoline, which in turn diminishes the rate of valorization. 
In cases where the arrafigements are such that this cooling of the 
body of the oil by vaporization is possible, it is necessary to supply 
heat from outside-either from the exhau.st gases or the jacket 
water— to make up for the loss of heat. The necessary amount of 
heat for the vaporization of gasoline is small and can be taken from 
the jacket water. 

It is not necessary, however, in all cases to supply heat from out- 
side to the carbureter. There arc many devices by which selective 
evaporation and the cooling of the body of the gasoline can be 
entirely prevented, but even with such devices it is sometimes 
desirable to raise the temperature of the gasoline somewhat, so as 
to increase its volatility. 

In Table XI are shown average fractional distillates for gasoline 
and kerosene, and the teipperatures at which they are given off. 
The column headed “Tenths" refers to tenths by volume of the orig- 
inal fuel evaporated between the temperature limits given in the 
next column. 
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Air whirli at ordinarv t(*in(>cra(iir(*s lias passpfl over or throuj^h 
tlic ordinary of <'onimi'r<‘e, and is consequently saturated 

with the vafKir of the j,MM»line— that is, contains as iiiueh gasoline 
vapor a.s it is jKissihle for it to carry—is t(M) rich in fuel to be explo- 
sive, fc.If the temperatures are low or the gasoline dense, this may 
not lie the case. It is nece^sary, with sin li ri< li mixtures, to add 
more air t«» the carbureted air in order to get an explosion in the 
cylinder; or, at any rate, even if an exploNion is possilde, in onler to 
get an economical pi’rformance of the engine. Such ailmixture of 
air with the carbureted air may take place cither at the cylinder or 
ip the carbureter itself 

CARBLiKIlTllRS 

Types for Autootobilc aiul Motor-Boat Work 
Classification. 'I he carbureters used for autoimdnles or motor 
boats may be divided into three classes, airording to the method by 
which the air and gasoline arc 
brought Into contact. 

Surjacr Carhnrrfers. In the 
surface tyjK* .of carbureter, air is 
made to pass o\ er a gasoline sur- 
face, or an cxteiuled surface 
wetteii with gasoline. The most 
sirnjilc form is a wick or flannel 
carlmreter, sucli as is shown in 
Fig. In. The air, entering at o, 
is forced in tlie sheci-nietal spiral 
r c to pursue a spiral path till it 
gets to the wntcr of the car- 
bureter, when it csca|)es from t. 
The metal spiral has flannel on 
its surface, and the whole vessel 
is half-full of gH.soIinc. The air, passing through the carbureter, 
comes in contact with an extendul gasoline and gasoline-wetted sur- 
face, and is thereby saturated with vapor The objections to thb 
type arc: (1) selective evaporation and (2) cooling of the mass by 
the vaporization. 

Bubbling Carbureters. In the bubbling ty|)eof carbureter, air is 
made to pass through a moderate depth of gasoline, and, in bunting 





65 * 


GAS AND OIL ENGINES 

through it, b^omes suturateti. The same objection holds aa with 
the surface carbureter. Both these types are now superseded 
by the third type. 

Spray Carbureters. With the spray type of carbureter the amount 
of gasoline required for carbureting during one admission to th? cylin- 
der is sprayed into the entering air, being thereby partly vaporized 
and partly atomized, and consequently is carried into the cylinder 
partly as a vapor, partly as a liquid. In consequence of its separa- 
tion from the main body of the gasoline, there is no cooling action on 
the mass of the gasoline by the vaporization, and no alteration in its 
composition by selective evaporation. If heating of the main body 
of the gasoline is used, it is in order to increase its volatility and not 
to make up for cooling by vaporization. 

The spraying of the gasoline must occur only when air is being 
drawn into the cylinder; consequently, it is possible and usual to 
make the spraying result from the action of the suction during the 
admission stroke. 

Schebler Model **0*’ Carbureter. In the most common forms 
of carbureter the gasoline is kept at a constant level by means of 
a float. In Fig. 16 when the U-shaped float F— which is hinged at 
J—falls, it lifts the needle valve H, permitting gasoline to enter by 
gravity from the reservoir, through G, into the float chamber B. 
As the gasoUne rises in the chamber, it lifts the cork float F and 
closes the gasoline-admission valve. The float consequently keeps 
the gasoline at a constant level. This constant level is a little below 
the outlet of the spraying nozzle D, Air enters the carbureter- on 
each suction stroke of the engine; and, passing through the mixing 
chamber C with considerable velocity, creates a slight vacuum 
there, sufficient to suck gasoline up through the spraying nozzle and 
tc capse an intimate mixture of the gasoline with the air. The 
amount of gasoline admitted is controlled by the needle valve E. 

Air Supply Adjustment. This carbureter has another feature 
in common with most automobile carbureters— namely, a device for 
automatically adjusting the opening for the air supply as the engine 
speed changes. The compensating air valve A remains in the posi- 
tion shown when (he engine b going at its lowest speed. As the 
speed indkeases, the velocity of the air through the carbureter b 
greater, and consequently the vacuum in the mixing chamber b 
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ifK'roased. Tliis rosults in an op<*iiing of the valve yl against the 
resistance of the spring 0, to an extent wliieh. depends on the engine 
speetl. At the same time, the increased vacuum in C increases the 
gasoline flow through /). The increase of both air and gasoline 
should lx? in the same profwrtion so that, when once adjusted for a 
goo<l mixture, the variation in spt'ed of the engitic should r>ot alter 
that mixture. The adjusting screw M varies the tension on the 



Fi*. tfl, Srlirli|«*r ParlMirrtpf. MotH "D” 
Courirtit of H'Ai-./rr itiii/ Sfhrhtr’. Jniliann 


Spring 0, and by this means the amount of air valve A openjpg can 
l»c regulattnl. The throttle valve A. workrtl by the lever P, c'ontrols 
the amount of the carbureted air going to the engine. The flushing 
pin or tickler T, when, pushed down, kwps the float depressed and 
permits ga.soline to flow through D into the mixing chamber C before 
starting, so as to insure the admission of an explosive mixture to the 
cylinder when starting up. 

This type of carbureter is used on constant-speed engines, such 
as twoK^ycle marine engines, singfe- and two-eylindert two- and 
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four-cycle farm engines, whert' extremely low throttling is not 
required. 

Schebler Model *‘L” Carbureter. The Schebler carbureter 
shown in Fig. 17 Is u.sed for automobile and other engines where low 
throttling and extremely variable si)eeds are required. In thf» car- 
bureter independent adjustments of the gasoline feed for the idling, 
the half-open, and the full-open po.sitions of the throttle arc pro- 
vided. The air passage K is in tin? f<»rm of a \'enturi nozzle with 
the gasoline nozzle L located at the throat, thus insuring maximum 
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velocity of the air and thorough carburetion. For automobile 
engines; the auxiliary air valve I can l>e provided with a dash con- 
trol. so that the amount of auxiliary air can be regulated from the 
seat to facilitate starting and to adjust for atmospheric changes. 
The auxiliary air valve I, the gasoline needle valve B, and throttle 
lever screw F are adjusted at low speed, os in the case of Model 
The dials and screws D and E give the intermediate and 
high-speed adjustments by raising or lowering the height of the 
spring track G at the corresponding tlirottle-opening positions. 
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The needle valve B is tlius raised more or less by its roller H, which 
climbs the sprin^t cum truck (1 as the throttle is opened. 

Schebler Model “R” Carbureter. The earbureter, shown in 
Fig. 18 is designed with an adjustment for low- spee<l As the speed 
of tfte motor increases, the aiixiliury air valve opens and raises the 
gasoline newlle, thus automat icully increasing the amount of fuel.’ 
This carbureter has two mljustments— the low-speed needle adjust- 
ment, which is made by turning the air-valve cap .1. and an adjust- 
ment on the air-valve spring for changing its tension by means of 

the screw F. In this 
carbureter, as in the pre- 
vious type, the gasoline 
nozzle is located at the 
throat of aVenturi nozzle. 

Holley Model “H** 
Carbureter. The Hol- 
ley carbureter. Fig. 19, 
has some special fea- 
tures. In this carbureter 
the fuel enters the float 
chamber through a 
strainer disk A and a 
float valve B, under the 
action of the cork float 
C. It pas.ses from the 
float chamber I) into the 
nozzle well E through a 
passaged. It then enters 
the nozzle G through the hole//, and rises past the needle valve /,to 
a level which just submerges the lower end of a small tube J, which 
has its outlet at the edge of the throttle disk. 

Tkn4Uing Deeire, Cranking the engine, w’ith the throttle kept 
nearly closeil, caiis<*s a flow of air through the tube J and its throt- 
tling plug K. But, ns t he lower end of this tube is submerged in fuel 
with the engine at rest, the act of cranking primes the motor. With 
the motor turning over under its own power, flow through the tube 
J takes place at high velocity, thus causing the fuel entering the tube 
with the air to be thoroughly atotpized up^n its exit from the small 
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opening at the throttle e«lgc. This tube’ is eallcd the "low-speed 
tube" because, for starting and for idle running, all of the fuel and 


most of the air in the working 
mixture are taken through it. 

As the throttle o{H'ning Ls 
increased, a eonsideral)lc volume 
of air raove.s tlirough the passage 
bounded by the ct)nieal walls L 
of the so-called strangling tube. 
In its passage into the stran- 
gling tube, the air assunu\s an 
annular, converging-stn am form, 
and attains its highest velocity 
in the immediate neighlM>rhoo»i 
of the upiHT end of the stand- 
pipe M, S4*t on to the Ixnly <»f 
the nozzle piece (7. The pressure 
in the air stream is cons«‘quently 
lowest at the same point, and 
there is a pressure difference be- 
tween the top and bottom open- 



ings of the pipe M, causing 
air to flow through it from 
bottom to top. 

With very small throt- 
tle opening, the action 
through the standpipe (air 
passing downward through 
the series of openings N in 
the standpipe supporting 
bridge) lieeps the nozzle cup 
cleaned out, the fuel passing 
directly from the needle 



opening into the entrance 


of the standpipe. 20 c»rbotrt«r. Model ' O'* 

Holley Model Car* <*/ hm*u BtMhtrt comiMn^, Dttr«*t, MickitA» 


bwefer. The mode of operation of the carbureter shown in Fig. 20 is 
identical with that of Fig. 19. Its cliief differences are structural ones. 
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From the float (‘lianifkT the gasoline passes through the port* 
E to the no//.le orifire, which iseoiitroiieti hy tlie end of the needle F. 

The flout level is so set that the gasi^line line rises past the 
needle valve F and sulliciently fills the cupf# to suhrnerge the lower 
end of the small tnhe I!. Drilhsl passages iti the easting eonnect 
the upper end of this tul>e with an outlet at the edge of the throttle 
disk. 

Fuel issuing [)usl the needle valve F is immediately picked up 
by the mam air stream at the jwint of the latter’s highest velocity, 

giving thorough atomiza- 
tion of the fuel. 

1'he lever L o|H‘rates 
the throttle in the mixture 
outlet, anci a larger disk, 
with its lever N. i> a spring- 
retijirned strangler valve in 
the air intake, for facili- 
tating starting in extreme- 
ly cold weather. 

Kingston Floating- 
Ball Carbureter. The ear- 
bureter shown in Fig. 21 
differs from that of Fig. 19, 
in that the fuel nozzle./ 
forms a cup, from which 
the fuel is picke<l up as 
the air passes around the 
nozzle on its way through the Venturi luln*. and white tlie air has 
it.s greatest veKwity. Another point of difference is that aiyuliary 
air is admitted to the earhureteil air through ptirts in the mixing 
chamber, whioh are covcml by the bronze balls L and whmh are 
opened by the suction of the engine in «>rrert proportion as the 
engine speed varies, floating at high spectis. 

Klngiton Model “Y** Carbureter. In the carbureter of Fig. 22 
the gasoline is evaporated by causing the air stream to impinge 
sharply on a well of fnd, the proportions of the mixture being gov- 
erned autonmtically by causing the volume of fuel in this well to 
increase or diminish as the velocity the air stream is less or greater. 
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Air enters at the choke throttle and passes down and up through the 
U'shaped mixing tube. Gasoline enters from the float chamber 
through an orifice in the bottom of the well controlled by the adjust- 
able needle valve. The normal gasoline level is slightly below the 
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top of this well. At this point the air passage u constricted, thereby 
increasing the velocity of the stream. As the motor ^>eed iocreaaea, 
the vohune of fuel in the well is gradually diminished, thus prevent- 
iof the tnwurtion of an over-rich mixture. At the highest speeds 
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the well is wiprd eompletely dry, an<l an ordinary spray takes its 
place. Some of the air admitted at the air inlet does not pass over 
the well, hut is hy-pu^sed thnm^di ports -(•ov<*red by bronze balls 
as in the previous ciirluireter— into tlu* carbureted air. To .start, 
the eliflke throttle is eh»sed, and the inereas<‘d suction lifts the gaso- 
line out of the well, thus priming the engine, 

Stromberg Carbureters. The carbureters shown in Figs. 23, 24, 
and 23 differ little in general details from those already deseril)ed. 



the chief difference U-iug that, instead of a necille-valve-oontrolled 
spray nozzle, they are e(|uit>ja*d with a nozzle of fixed opening, 
and the feetl can l>e atljustcd only by removing the nozzle and 
substituting another with a difiercnt opening. The opening of the 
auxiliary air valve !•' is resisted by two springs. One of these, G, 
is not in tension when the valve is closc<l- in fact, there must always 
be at lea.st A l>ctwe<*n the spring and the spring washer while 
the engine is running light. Only a single spring, therefore, is 
operating during the first part of th<* oix-ning of the valve while the 
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engine is running at low speed and the suction is low. When the 
wgine speeds up, however, the suction is increased, the valve open- 
ing is incrca.sed, and the second spring comes into action and resists 
the further opetiing of the valve. By adjusting the tension on these 
spnng!i the carbureters will opi-rate equally well throughout the 
range of spt'cd of the engine. In the carbureter of Fig. 24, the 
Venturi tube is jacketed by the hot water from the engine jackets 
to assist in the vaporization. Fig. 23 shows a single-iiozzle car- 
buretor, while the carbureters of Figs. 24 and 2o have double jets, 
Die primary nozzle is the same as in Fig. 2.3, while the auxiliarv 
nozzle IS located Ixtween the auxiliary air valve and the mixing 
chamlier. In Fig. 24, the fl<»w from the auxiliary nozzle is regu- 
atwl by a needle valns the amount of o|Hming Inking determined . 
by the amount of opening of the auxiliary air valve. In Fig ‘’5 the 
nozzle is a plain spray nozzle with a fixnl o,)ening. which, as the fe«I 
l^cgulatcil by the suction, must be changed to adjust the auxiliary 

Types for Slow-Spcetl Stationary Engines 
Q«n.r.l Ch.r«c(,rl.tlc*. The e«rl,Hr..t..r, Renerally u»ed in the 
relatively large and slow-speed 
stationary engines are quite 
different from those practically 
in universal use in small high- 
speed automobile and motor- 
Iwat engines. Inthelattercase, 
<^mpa(‘tness, simplicity, and 
the absenee of a gasoline pump 
(an appliance not easy to keep 
tight) are secured. The same 
type of carbureter, howqver, b 
not well adapted to the sta- 
tioiiar}' engine, where larger 
volumes of carbureted air are 
^uireti at longer intervab 
insteail of small volumes at 
short intervals. 

-i-ij^****.^*^^*"^**^* carbureter shown in Fig. 26 is a simple 

rigid caat-dron device, t^j lindrical in form, with a water jacket The 
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is pumped to the top of the cerbureter, f»lU over billle 
pi Mf., end is partly veporieed. Air draaii through the cir> 
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the suction side ol the gasoline pump and is returned later to tl» 
carbureter. The water jacket has circulating through it soiPC of 
the heated jickct-^Ur from the cylinder. 
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The spray metho<l «f carbureting air is sometimes used in 
stationary engines, although tlic carbureter itself is usually of a some- 
what different ty|)c from the Scheoler, Holley, Kingston and others 
which have been alrearly 'described in (h*tail on pages 65 to 
• 74. A typical arrangement is illustrated 

in Figs. 27 and 28, which show the whole 
arrangement of a gasoline plant and details 
of the fuel Injc<tor. The gasoline tank is 
buried b<4<m- the fhwr lc\ el and outside the 
building, in order to reduce the danger in 
case of fire or explosif)n, ami also to prevent 
the leakage of gasoline from the pipes when 
the engine is not running. The gasoline is 
taken thnnigh a .strainer near the bottom 

Flf. 20. Furl Ufurrvoir tot i i i 

•''v'rr’ of the tank and through the suction pipe 

"T Vcrlictkl Uiicifi.- , ^ \ 

Courtnu »/ Fotrh-inh, Morn by tlic actioii of a gasoliiic pump, W’hich is 

aiut Comikiny, ('ftirii|/v , i # t i » t • « 

work<*d from the cam.shaft. It is then 
forced through the control valve .1, and is sprayed into the air pipe 
li tlirough the jet C whenever the fuel-admission valve I) opens. 
A vertical branch of the discharge pipe from the gasoline pump has 
an overflow connecting with the tank. The pump always delivers 

mort' gasoline than is re- 
quired, the e.xccss being 
returned to the tank 
through the overBow 
pipe. This maintains a 
constant pressure of the 
gasoline, depending only 
on the constant overflow 
level. With a given open- 
ingof the control vidve A. 
and a constant head on 
the gasoline, the amount 
of gasoline admitted each 
time remains constant. 
FairtNinks-Morse Model Carbureter. Another carbureter, 
or vaporizer, which is used on stationary and portable farm engines, 
is shown in Figs. 29 and 30. The fucl-'kerosene, gasoline, napb- 
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tha, or I)ca/ine— is siipplit'd to the n‘serv<»ir by a p\imp» tlriven from 
the eainshaft of tiu* engine, and U maintuiiu'd at a constant level 
in this reservoir by means of an overflow wrir, whose discharge is 
pipe<l to tlie fuel tank. The fuel m»y/do leailing fnuu the reservoir 
to the air-inlet pi|H‘, is ulaive 
the level of the fuel in the reM*r- 
voir, so that the fei'ding is 
uec'tinipii>hed by the suction t»f 
the engine, and tliere is no possi- 
bility of fuel flowing when the 
engine is shut down. The ojM'n- 
ing of the nozzle is hand-regn- 
lattsl by a nee<lle valve, ami i-i 
also governor-regulated by the 
mixture valve on the discharge si<le of the nozzle to keep it correct 
throughout the range of load. 

Cireat care must be taken, by the use of suitable strainers, that 
jjo solid foreign matter gets into the oil supply piiH*; otherwise there 
is great liability to obstruction of the flow*. A strainer for an auto- 
mobile engine is shown in Fig. 31. Owing to its more rapid explo- 
sion, and to the greater ru hness of the explosive charge, a gasoline 
engine will develop more jwwcr than a gas engine of the same size, 
even when the latter uses natural gas. 

VAPORIZERS 

Type for Denatured Alcohol 

Volatility and Fuel Value of Denatured Alcohol. The carbu- 
reters described in the preceding pages can he used only fur the more 
volatile liquid fuels— liquid fuels with a low lx)iling point — such as 
gasoline, naphtha, benzine, etc. The less volatile liquid fuels— 
liquid fuels with a high boiling point— must be vaporized at a higher 
temperature by the addition of heat before or during their mixture 
with air. Dcnatimsl alcohol is intermediate between gasoline and 
kerosene in its volatility. The amount of vapor which it gives off 
to air that passes o\ er it will generally l»c sufTieient to give an explo- 
sive mixture if the tem|)CRitures of the air and alcohol are al)ove 
70® F. With an ordinary' spray carbureter, a cxmsiderable excess of 
alcohol may be sent to the cylinder, as such carbureters act also aa 
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atomizers. If alcohol is supplieti in considerable excess, there may 
still be good explosions, as the range of explosibility is very great. 
Most of the ordinary ga.soline spray carbureters can be used for 
alcohol if the spray orifices are enlarged. The weight and volume 
of deAatured alcohol required to develop a given power in an engine, 
is considerably greater than the amount of gasoline for the same 
power; and therefore, if a gasoline engine is to be used with alcohol, 
the orifices in the carbureter or other spraying devices have to be 
enlarged so as to admit a greater volume of the liquid. Wood 
alcohol cannot l)e used by itself in a gas engine, as it corrodes the 
cylinder. 

Special Alcohol Vaporizer. .\ siH'cial vaporizer for alcohol is 
shown in Fig. .‘12. 'rhe hot exhaust gases enter at the bottom, and 
a c('rtain projwrtion of them, as deter- 
mined by the regulating valve, rise to the 
top of the internal pipe, and then descend 
l)etwecn that pijn* and the helical cast- 
iron vaiK)rizer. The alcohol is admitted 
near the bottom on the out.side of the 
helix and, being vaporized by the heat, 
flows upward around the helix, escaping 
to the motor at the top in a highly super- 
Iwateil state. The sujKrheating prevents 
any condensation of the alcohol between 
the vaiJorizer and the cylinder. Air 
enters with the alcohol vapor as indi- 
cated. Tliis vaimrlzer is of the boiling 
type, the rate of lM»iling being determined 
by the volume of the exhaust gases ad- 

ng. «. AkoW Vparim 

Recent tests have demonstrated that any gasoline or kerosene 
ttigtne can operate with alcohol without any structural changes, and 
that about 1.S times as miicii alcohol as gasoline is required to 
develop the same power. Alcohol ran l)e usetl with greater cmn- 
presskm, as there is little danger of pre-ignition through too much 
compression, on account of its comparatively high ignition tempera- 
ture* And also becaiise it is always mixed with some water. An 
pkohol engine can be madv to givo> somewhat higher power than A 
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gasoline engine of the same size. It is not so sensitive to maladjust- 
ment of the explosive mixture; that is, it will work with a great 
range of strength of mixture, and it does not aet umulate a deposit of 
carbon inside the engine. A small engine of good design should use 
about 1.15 pounds of alcohol per brake horsepower per hoUt; of 
gasoline, 0.7 pound. 

Types for Kerosene and Heavier Fuels 

General Method of Vaporization. There are two ways of pre- 
paring heavier oils, such as kerosene, erudefoil, or fuel oil, for com- 
bustion in an engine. (1) by preliminary vaporization; (2) by spray- 
ing the liquid in an atomizinl condition into a cylinder containing 
compressed air in a high state of compression apd at aliigh tempera- 
ture, as in the Diesel engine. If a vaporizer is used, it is heated cither 
by exhaust gases on the outside, or by the explosion taking place 
within it. It requires always n preliminary heating before the 
engine can be started— unless the engine is started with gasoline — 
and consequently is not so quickly put in action as a gasoline engine. 
The vaporization of the heavier oil differs from that of gasoline in 
that it is not necessarily a process of carburction. It is often a 
process of boiling, the mixing with the air required for combustion 
being subsequent to tlic vaporization. In other vaporizers the oil 
is dropped upon a hot plate at the desired rate, and its vapor is carried 
off by a current of air passing over the plate on its way to the engine. 

The principal difficulty with all the vaporizers of the hot-plate 
type b in keeping the temperature of the plate within the proper 
limits. If the plate is too hot, the oil decomposes and leaves 
a deposit of carbon; if it b not hot enough, the vaporization is 
incomi^ete. 

Vaporizers may be classified a.s ej^rnal and internal, accord- 
ing as ^e vaporization occurs outside the engine proper or inside 
some part <rf the combustion space. 

External Vaporizers. Kerosene b sometimes broken up into 
a fine spray by a current of air, which may lie heated by the hot 
exhaust gases before being carbureted, and is then sent to a vaporizer 
b^ore being admitted to the cylinder. In the vaporizer the car- 
bureted air b raised to a high temperature, the heat of the exhaust 
faaea bein|; utilized for thb purpose, and the kerosene b converted 
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into a vapor. Unless the kerosene is completely vaporized before 
admission to the cylinder, it is difficult to insure its complete com- 
bustion. Some of the liquid kerosene in the cylinder may decompose 
or break up into its elements as a result of the very high temperature 
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to ^hich it is subjected, and carbon will then deposit itself on the 
pi.ston and the walls of the clearanw siwce as a harrl coating. 

Charter VaiMtrizer for Kertmenr and DhtiUatfg. In 

Fig. '1^1 a dcvii'e for the vaiM>rization of kerosene and <listiiiates is 
shown. In this <)cviec the air is heated by being draaii through a 
drum surrounding tiie exhaust manifold, and is drawn past the 
vaporizer nozzle. I1ie fuel in th^ rcserxoir is kept at a constant 
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level, wlucli is lower than the vaporizer nozzle, by means of an 
overflow weir, so that the spraying is atwmplished by means of the 
sucthni of the engine. The mixture pro|K»rtion.s are rt'giiluted by a 
hand-adjusted valve — seating against the eiui of the spray hole — 
the flat end of which, it is ctainuHt, ni<is in bn^aking up the fueVinto 
fine particles. Immediately above the inlet valve is Iwated a nozzle 
for the injection of hot water from the engine jacket into the 
mixture, the amount of water inji'ction Wing regulatwl by a hand- 
operated valve. This water injtrtion reiiuces the amount of carlmn 
deposits in the engine and j>ermit3 of a higher compression being 
used without pre-ignition. 

Unless the vai>ori7.ation is jx-rfcct Ixdore the eomljustion starts, 
the unvaporized fwirtion (»f the oil is broken dmvn by the heat and 
deposits carlxm in the eiigine. In valorizing, tine heat should always 
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be high enough to vaporize all the oil, but never high enough to 
decompose it. If steam or water vapor is present during the com- 
bustion the heat may be kept low enough to prevent the decomposi- 
tion of the oil, due to the heat absorbed by the superheating and 
dissociation of tlie water vajKir into its elements, hydrogen and 
oxygen. These elements combine again when the temperature has 
fallen sufficiently during expansion to permit of it and give back the 
heat absorbed. 

Vafiorlzers for Crude OU. Another example of the external 
vaporizer is shown in Fig. 34, as used for California crude oil. The 
hot exhaust gases circulate outsUlc the inclined* vaporizer; crude oil 
is admitted at the low'er end, and the vapor is taken away from the 
same end. A revolving cleaner permits the removal, during opera- 
tion, of the accumulated deposit. 

In another vaporizer, Fig. 35, the exhaust from the engine 
entering at A heats up a stationary dnun and goes off through a 
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pipe S, The oil to be vapoiixed is fed from a pipe F into the clian* 
nels or buckets of the rotating generating drum C. This drum is 
driven by the engine at a speed of about one-half revolution per 
minute. 

The drum C is heated by radiation from the stationary drum 
and rotates so as to carry the fresh oil on to and over the top of the 
drum, where the more volatile parts are driven off. The vapors 
pass around the central exhaust pipe Ji, and arc superheated by it 
on their way to the engine through the pipe J). The air required 
for combustion enters at IC, and is heated and mixed with the vapors. 
The unvaporized part of the oil drops, as the drum rotates, into the 



reservoir at the base of the vaporizer, and is automatically drained. 
With this kind of vaporizer there is little chance of decomposition 
of the oil by reason of high temperaturt*s; on the other hand, a con- 
siderable proportion of a crude oil w ill go off unused. 

Internal Vaporizers. Fairbanks-MorneKerotene Atomize. The 
internal vaporize is always a part of the combustion space of the 
engine. The device shown in Fig. 36 b a kerosene atomizer used 
in connection with twcxycle marine engines, and is attached to the 
by-pass leading from the crankcase to the inlet port of the cylinder. 
A diamber b attached to the by-pass at its head, with a nonle 
tip Mitering the by-pass at E. The by-pass .4 is so shaped as to give 
the effect of a nosile with its smallest area at so that the velocitijr 
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of the air passing from the crankcase to the coml)ustion chaihber 
is a maximum at that point. This increase in veioirity causes a 
decrease in the pressure of the air at H 
as compared with the air at This 
difference in pressure is used for inject- 
ing the fuel. At the point K there is a 
passage between the upper part of the 
float chamber and the whi(‘h 

serves to keep the air pressure in the float 
chamber the same a> that at (\ When 
air is going from the crankcase to the 
cylinder, the pressure in the float chani- 
l)er is greater than at B and is stifficicnt 
to force a jet of fuel tlirough the nozzle K. 

The nozzle is placed at right angles to the 

onrushing air. so that the fuel is broken up or atomizwl, entering the 
combustion chamber as a fine spray. The mixture strikes a hot baffle 
on the piston and is there vaporized. The most common internal 






vaportcer is that shown in Fig. 37-a. A combustion chamber or vapor- 
iser is attidied to the rad of Um cylinder, and communicates with it 
through a narrow neck. The outer part of the vaporizer is unjack- 
etied, and ennsequratly b kept at a good red heat by the successive 
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explosions. The engine follows the usual four-stroke cycle. Dur- 
ing the admission stroke, air alone is admitted to the cylinder, while 
oil is injected into the va|)ori/er and is vaporizetl there. During the 
return stroke, the air is eoinpnssejl into the vaporizer, mixes with 
the ml vaix)r, and htnns an explosive mixture which is ignited by 
tlie combined effect of the heat due to eoinprt'ssion and the hot 
walls of the combustion chamber. The proportions of the com- 
bustion chamber arc designed so that the explosion does not occur 
until near the end of the compression stroke. The fuel supply is 
regulated by the governor, w'bi<-h controls a by-pass permitting part 
of the discharge from the pump t(» return to the suction side. Before 
starting the engine, the combustion chamber must be raised to a 
bright re<i heat by an external heater; but, after starting, it is main- 
tained in that comlition by the explosions. The engine is of great 
simplicity, since it dis(K'nses with IxUh igniter and mixing valve. 
The combustion chamber lH‘c*omes coatecl with a deposit of carbon, 
resulting from the break-up of the oil at the high temperature. 

Vaimizer for (w on Regular (Uhioline Euginen* An arrange- 
ment ('onunonly used by gasoline-i'nginc manufadurers to adapt 
their engines to the utilization of heavier hydrocarlwns is shown in 
Fig, 37-b. Tl>e vaporizer chamber is providwl with a jacket space 
through which the exhaust gases pass, thus heating the vaporizer 
externally. A cloud of fuel vapor is prmiucwl by dropping the 
liquid fuel on the heated surfaces of the baffle plates inside tlie 
vaporizer. Free air enters this vaporizer on the suction stroke of 
the piston and, in passing over the baffle plates, l>ecomes heated and 
at the S4une time ab.sorbs the oil vapors. The mixture thus formed 
anti pre-heat(Hl tlien enters the cylmder and, at the erjcf of the com- 
pres.sion stroke, is ignited by an electric igniter. 

In Figj 37-c the fuel oil is mixed w ith and broken up by a stream 
of compressed air of from 8 to 2.3 pounds pressure above atmosphere, 
so that it enters the vajHirizer chomWr in the form of finely divided 
spray and is immediately vaporized due to the heat applied 
externally by the exhaust gases. The bulk of air, being aspirated 
during the suction stroke, then mixes with the fuel vapor and becomea 
pre-heated, thus forming the explosive dbarge. Compreaskm and 
ignition are the same as in Fig. 37-b. 


•B. R. K«ta. .4.S.JV.X., October, mi. 
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Mielz and IIV/.w Vaporizer. Another f<»rm of internal vai)orizcr 
for use with any of the heavier oils is shown in Fig. 38. It is applied 
to a two-cycle engine, and has the further yxculiarity that the water 
in the jacket is |H?rniitt<sl to hoil, the steam that is formed jxdng 
taken in with the charge. The oil is taken from the reservoir A 
and puin[XHl through the j)i|M‘ If on to the proji‘cting lij) of the hot 
bulb C during the coinprcssi(»n stroke. The hulh is heated to a 



dull red heat by the kerosene burner D l)efore .starting up, and is 
maintained at llmt temperature by the explosions when the engine 
is running. The cylinder head is not jacketed. The amount of oil 
delivered is regulated by the governor. The air Ixdng compressed 
enters the hot bulb C, carrj ing with it some of the ^ apor of the oil 
that has fallen on the projecting lip; and near the end of the com- 
pression stroke the pressure anti temperature conditions in the vapor- 
iser will cause ignition and explosion. The presenit! of the steam 
leditces the explosion pressure and permits a higher compression* 
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The combustion in an engine of this kind cannot be as complete 
as in the type where a thorough mixture of the fuel and air can be 
brought about. Some of the air admitted will remain inactive, as 
it d^es not get near the oil. Consequently such engines are compara* 
tively large for the power they develop. 

Drawbacks in Use of Vaporizers. While oil engines with 
internal or external vaiwrizers are quite simple and low in first cost, 
their method of vaporizatiim is rather crude and has been found in 
actual use to be open to objections which arc the cause of a common 
prejudice against such engines. The cliief drawback to all these 
vaporizers is the practical imimssibility of vaporizing the fuel com- 
pletely at all loads and under all conditions and of maintaining 
the chamber at a tcmiK^rature which is alwajs sufficiently high 
to vaporize all of the oil, but, on the other hand, is never hot enough 
to decom{K)se it. Moreover, the combustion is often incomplete, 
and the efficiency low. This manifests itself by the objectionable 
smoke and (nlor of the exhaust g.nscs. In order to obtain certainty 
of ignition in engines with internal vai>orizers, and at the same 
time prevent pre-ignitions at different loads, the temperature 
of the vaporizer should vary with the load, which is found to be a 
practical impo.s.sibility. The pre-heating of the mixture, as required 
for engines with external va|K)rizers, decreases the weight of the air 
aspirated, and therefore tlie capacity of the engine, while the throt- 
tling of the air in passing through the vaporizer chamber and pas- 
sages, as well as the high back pressure due to the exhaust gases pass- 
ing through the jacket space of the vaporizers, decreases the power 
output of such engines still more. The necessity of first heating the 
vaporizer externally by means of a lamp before the engine can be 
started is rather inconvenient, as it takes at least from five to ten 
minutes. The fuel consumption of these engines averages, about 1 
pound of oil i)er b.h.p. hour, correspoitding to a thermal efficiency of 
not over 15 per cent and never excectls 20 per cent, corresponding to 
a consumption of J pound per b.h.p. hour. 

ATOMIZERS* 

Diesel Methods Give Improved Vaporizatiofi. The Diesel-type 
engine overcomes practically all of tltese difficulties in the use of 

*AbMtwt «( AnM« bty U. H Srti. 4.<S.lf Jt.. iStl 
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liquid fuel, whether heavy or light, and particularly in the caw of 
the heaviest liquid fuels. In thU type, fuel is not admitted to the 
combustion space until the charge, which consists of air only, b 
compressed to a pressure of about 500 pounds, with a rcsultini; tem- 
perature which is sufficient to ignite any liquid fuel injected into it 
Fuel is gradually injected, at the end of the compression stroke, by 
means of a cooletl air blast which is at a pressure of 250 to 500 
pounds above compression pressure in the cylinder. This high- 
pressure air blast, with proper form of the atomizer and injection 
nozzle, completely atomizes the fuel during the injection peri^ and 

carriesits small pa rticlesdirectlyintothe highly compressed and heated 

air in the cylinder, where they arc at once vaporized and ignited. 

The hea\ ier the fuel used, the more finely must it be atomized 
in injecting it into the C(nnpresse<l charge, in order to insure com- 
plete vaporization and ignition. If the heavier oils are injected in 
large particles, only the surfac-e of the iwrticle will be burned, while 
the center will he converted by the heat of combustion into a pitchy 
.substaiK'e, which will l>c depositt'd on the cylinder walls and valves. 
Since, with a projx'rly designed atomizer, the oil particles are com- 
pletely burned immediately after their mixture with air, there b 
no possibility of deposits forming on the cy linder walls, and com- 
bustion is so complete that the cxliaust is smokeless and without odor. 

Efficiency. Numerous tests of different sizes of thb type of 
engine show an average fuel consumption of less than ^ pound of 
oil per b.h.p. hour, corresponding to a thermal efficiency of about 30 
per cent, 

Cbssiftcatioii of Atomizers. While the oil is in all oases 
atomized by the action of the injection air in forcing it through the 
injection nozzle, this result b accomplished in two different kinds of 
apparatus— the closed injection nozzle and the open injection notde. 
When the dosed injection nozzle is used, specbl atomizers or dis- 
tributors are placed in front of it in order to dbtribute the oil prop- 
erly and to direct the injection air so as to facilitate complete atom- 
bation. In the open injection nozzle no .spedal atomizer b used, 
the atmnixation being secured entirely by means of the action of 
the injeetkm air on the oil in its passage through the nozzle. The 
doeed bjection nozzle was the type used on the original Diesel 
engine, and b the type almost exdusively used b thb oountty. 
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The opofi iiijettion nozzle has been developed in Germany during 
the last five or six years, esi)eiially for horizontal engines. 

Closed Injection Nozzles. liujtch-Sulzfr Atomizer. The atom- 
izer shown in sectional view in Fig. ilO is arranged horizontally on 
the side of the c<»ml)U''tion eliainher. Owitig to this horizontal posi- 
tion, particular care must he taken to <listril)ute tl;e oil e<iually 
around tlie circumference »>f the injeetu)n valve, otherwise the fuel 
oil will flow to the lower part of the annular space adjoining the 
atomizer and, wlien the inje ction valve o|m*us, the injection air will 
rush into the cylinder through the upinr attunizer openings, which 
are not covered liy the oil. 'Fliis condition obtains particularly at 
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light loads, when the amount of oil sent to the atomizer by the fuel 
pump is retluced. This condition is unfavorable to goo<l o{X'rating 
results and economy, as the fuel is nut pr(>|x'riy atomized, and the 
combustion may be cheeked by the blast of relatively cold injection 
air, which is unai‘t'oinpanie<l by partick‘3 of fuel oil. 

In the atomizer of Fig. .39, oil and injection air come together 
in space 9, the oil entering along passage c, and annular ring space 
f, through a ring of holes h. As the injection valve n open.H, air 
and oil, dividet! into small streams hy a circle of holes 2>, are forced 
into the injection nozzle m, where these streams impinge upon each 
other, atomiiing the fuel. 


CAS AND- OIL ENGINES 


$9 


FulUm-Tofi Atomizer. The niumizrr shown in Fig. 40 is used* 
on one of the newer American Diesel engines, and is also typical of 
those usecl on EurojK'nn engines. A series of plates 6, arranged just 
1k*1ow space .t around the inj«*ction valve guide g, are provided with 
small holes in such a way that they strathlle each other from*pUtc 
to plate. Tlu‘se plates help to retain the oil after having been 
dei^osit^i in spact' a, while the holc.s will distribute it equally and 


mechanically divide the 
blast of injection air into 
small stri'ams, thus disintc- 
gratitig the fuel pa^sill;I 
flown through them. IJy 
means of passages p .ar- 
ranged in the cireunifcr- 
ence of plug /, these 
.streams nr*' «lireetc<l into 
the injection nozzle wi, 
whore they a<qulre their 
maximum velocity. The 
resistance of the oil against 
the abrupt acceleration 
thus produced causes the 
oil to 1)C flisintegrated into 
small paKicles, which arc 
carried directly into the 
IkhIv of highly heated air 
in the combustion cham- 
ber. This atomizer is gen- 
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the center of the cylin- 
der head, and thus, even at low Ioa«ls, the atomization is perfect. 

De La Vergne Type '*Fir AUtmizer. Fig. 41 show.s constrac- 
tional details of the injection \*alvc and atomizer used on a hori- 


zontal modified Diesel engine. Oil and injection air come together 
in annular space a, fonnetl between the injection valve guide g and 
cage a. As the injection valve n opens, oil and air proceed along 
the outside of guifle g, and arc forced to pass through a series of cham- 
bers connected by a system of fine diagonal channels d, on the 
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outside of g. The oil is thus distributed equally around the circum- 
ference of necdle-valve guide g and enters injection nozzle m in a 
state of fine subdivision, and then is blown into the combustion 
chamber and hot bulb. 

Atomizer Adjustments in Closed Injection Nozzles. In the 
closed injection nozzle, the oil can be deposited in the atomizer at 
aiiy part of the cycle, since at all times the oil must be forced in 
against the pressure of the injection air. In practice, the oil is gen- 
erally delivered at the start of the compression stroke. Since the 
fuel and the injection air come into contact with each other before 
th? actual injection period, the atomizer cage, as well as the injec- 
tion air, must he well cooled in onlcr to prevent pre-ignitions or the 
formation of dctK)sits due to partial vaporization of the fuel. The 
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cooling of the cage may be accomplished cither by water-jacketing 
the cage itself or by locating it in a well-cinded portion of the cylin- 
der or cyliiuler-head casting. 

The points of opening and of closing the injection valve remain 
unchangca at all loads, i.e., the length of the period the injection 
valve is open is constant unless the lift can be varied by hand, as u 
the case in some engines. Within this period a variable quahtity of 
fuel; according to the load, is injected. To accomplish this most 
satisfactorily, it is usual to increase the pressure of the injection air 
with increasing loads on the engine, i.e., with increasing amounts of 
fuel to be injected. Diesel-engine manufacturers recommend a 
pressure increase of about 250 pounds from light to maximum load. 
The compression in the engine cylinder is constant at all loads, so 
th»t the resbtance to injection h constant, but the amount of fuel 
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TABlI XII 

Variation of Injaction Air PreMurct with Varying Loads (H. R. Beli) 



iNjMcnoN-AiR 

Injbction-Air CbiinMMMi | 


I'acMi'RU. La. 

i.h.p. 

1*1^ C«al KagiM^joad 

300 

9.50 

19 3 

0 4 

250 

805 

IH ;i 

7 4 

185 

8.10 

18 4 

10.0 

115 

790 

10 0 

12 H 


which must be HcccicratcH and atomizcnl by the injection air varies 
with the load. If the injection-air pressure is too high at light 
loads, the relatively cool injection air may chill the hot comprcs.sed 
charge before any of the oil is vaporized and ignited, and thusJower 
the temperature of the charge and endanger the certainty of igni- 
tion, sometimes to the extent of a complete “miss”, or catisiitg incom- 
plete combustion. To insure certain ignition, oil particles must be 
injected with the first particles of injection air, and these must be 
vaporized and ignited before enough cold injection air enters the 
combustion chamber to cool the air there materially. With very 
heavy oils, such as coal-tar oils, ignition may be insured by injecting 
first a very small charge of a lighter or “ignition” oil, immediately 
followed by a charge of the heavier oil. The variation of injection- 
air pressures with varying loads on a 4-cylinder 250-horsepowcr 
engine is given in Table XII, which also shows the indicated com- 
pressor work. No arrangements have so far been made on station- 
ary engines to vary automatically the pressure of the injection air 
according to load variations; this must be done by hand, at the 
judgment of the engine operator. 

Improved Injection Arrangement on SabaihH Dieeel Engine. In 
a modification of the Diesel engine recently brought out in France and 
known as the Sabath4 motor, there is an attempt to eliminate the 
inconvenient requirement of variable injection-air pressures with 
varying loads. Its fundamental features are identical with those of 
the Diesd engine, with the exception that not only the delivery of 
oil, but also the lift of the injection valve n, are varied by the gover- 
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tior according to the load on the engine. Constructional details of 
the injection valve and nozzle are shown in Fig. 42. In addition to 
the injection valve n, a second valve v, sliding on n and ordinarily 
held down on its scat by spring I, is provided. This valve v is lifted 
by ciJIar r on the injection valve stem when the lift of the latter is 
sufficient. On light loads only enough oil is delivered by the oil 
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pump to fill the chamber e underneath the valve r. This is blown 
into tlie cylinders when the needle valve n lifts, the injectibn air 
passing down groove p in the needle valve stem. On heavier loads 
the amount of fuel delivered by the pump fills the chamber e, and 
overflows into space jt, the oil contained in the chamber e being 
injected first and followetl by that contained in space j. The pres- 
sure of the injection air is maintained at 800 pounds. 

Open Injection Nozzle. Ihe modified Diesel, or '‘open" injec- 
tion nozzle, was developed to simplify the apparatus. With this 
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nozzle, oil is delivered to the space s, Fig. 43, when the piston begins 
its compression stroke, I.e., when the pressure in the engine cylinder 
and in the space a is low. The oil Iuls to lie in spac<* # througlnmt 
the compression stroke in wntact with surfaces and air which attain 
high tem|H*ratures. This may result in partial cva|H>ration hf the 
fuel and premature ignition, if the fuel contains coin|>onents of low 
volatility, and also in the formation of deposits. 

('onstruction details of a typical injection nozzle and air>admi.s> 
sum valve arc shown in Fig. 43. No atomizer is use<l, the oil being 
blow'll directly from the space s through the injection nozzle m into 
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the cylinder. The air-admission valve n is operated by a push 
rod r, provided with a valve v on its inner end, which prevents any 
leakage along the rod r, except during the very short interval when 
the air-admission valve is open. No stuffing box, such as is used on 
the injection valves n of the original Diesel engine, Figs. 39 and 
40, is necessary. At heavy pressures, the valves may be easily pre- 
vented* from closing properly by exccs.sive tightening of the glands, 
thus causing loss of injection air and even premature ignitions. 

Air of approximately the same pressure as injection air is used 
for starting Diesel engines. The injection nozzle and the starting 
device are combined in Fig. 43 in a compact and simple arrangement. 
By opening the by-pass valve y, communication to the cylinder b 
established through the passage p, as w'ell as through the open 
bjection nocsle m, and enough air is admitted to start the engine. 
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MODERN INTERNAL COMBUSTION ENGINES 

Classification. \Yith the improvement of desi((n and reliahility 
of iiiternal-c'omhustion engines there has come an astonishing 
increase in the breadth of the classification of these types. tVnits 
of a size hitherto untried have i)een designed and j)erfect(‘<i. The 
development of the Diesel types has also had its effect particularly 
in the field of marine engineering. Again the smijll units for farm 
iiH’ have multiplied enormously, and yet always with a steady 
increase in officienry ainl reliability. Moilern internal-combustion 
I'Ugincs may be divided broadly into three general classes: the Otto- 
cycle gas engine; the low-pressure oil engine; and the Diesel or con- 
stant-pressure ct)mluistion engine. 

ffVi.v Etifiinr. The (Hto-tycle gas engine is further 
divuhMl into three general classes: 

(1) Mcnleratt'- Power .Stationary Engines. I'hesi- are gas 
engines for stationary purposes, of all i>owers up to about 2(10 horse- 
|M)wer in a single c> finder. These engines are characterized by longer 
strokes and moderate sfK'cds, by greater weight, aiul by the tise of a 
g(tv<Tn{»r. Th(*N- show ati extraordinary variety in form and arrange- 
ment, although, like the high-speed engines, they are practically 
always single-acting. Tliey are also made to tise any of the liquid or 
gaw’ous fuels. The ignition is usually by elertric spark, though 
randy of the jump-spark type. 

(2) I^rge Gas Engines. The large ga.s engine class includes 
all engines which are capable of developing 2.')0 horsejxtwer and 
over in a single cylinder. These engines are the latest developments 
in gas-engine practice. They are horizontal, double-acting, and 
have water-cooled pistons and rods. They tise the low-tension 
electric ignition system. The fuel most commonly used in them 
is blasMurnace gas, though producer gas, coke-oven gas, and natural 
gas are .sometime.s used. 

(3) High-Speed Engines. These are employed principally in 
automr>biIes and motorl)oats, developing generally not more than 
15 horsepower in a single cylinder. They are usually vertical and 
multicylinder, using gasoline as fuel and having jump-spark ignition. 
This highly specialized type has had an enormous development in 
the past few years, and has practically reached a standard form and 
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proportions. It is of extreme lightness ami compactness, runs at high 
speeds, and has no governor. 

The term “gas engine”, as here used, does not necessarily signify 
that the fuel used is a gus in its original form, hut that it is a gas when 
introduced into the cylinder, i.e., any of the fuel gases or the vapor 
from the more volatile liquid fuels— gasoline, naphtha, benzine, or 
denatured alcohol -which have U'cn vaporized or gasified in an 
apparatus outside of the engine proper. 

jMW~Prr!fsure Oil Enginr. Ix)W-pressure oil engines may be 
suMivnlcd in tlu* same manner as gas engines. In this class are 
included all engines btirning a liqui<l fuel at constant volume which 
do not fall into the first class. Some of the engines designated as 
low-pressure oil engines might be reganled as gas engines, since the 
fuel is treated in an external vaporizi'r; but the vaporization which 
takes place outside the cylinder is only |)artial, the process l>cing 
cqmplet<‘d within the cylinder itself. 

OTTO-CYCLE OAS ENGINES 
MODIFICATIONS OF OTTO CYCLE 
Increasing the Compression. A.s the efficiemy of the Otto 
cycle has been shown to de|M'nd on the amount of compression, the 
obvious way of increasing the efficietjcy is to decrease the clearance 
and thereby raise the compression pres.sure. The amount of com- 
pression that can be used is limite<i in two ways. The first is that it is 
not commercially practicable to construct engines whi('h will work 
properly under very high pressures rapiilly imposed by explosion. 
With an engine ct)inpressing the charge to UK) pounds pressure and 
using a strong explosive mixture, the pressure in the cylinder ri.ses 
suddenly to al>out .l.'iO poumls; and at present this is about the practi- 
t'able limit. If the explosive mixture is weak, the eompressioa may 
Vmi tneTcaseA. \ ct>n\pTessAo\\ as \\\|^V as \wwwAs '\s sowVmes 
useh witli very weak mixture and results in a maximum pressure of 
about 300 pounds. 

The ^cond objection to the use of high compression is that the 
rise in the temperature of the mixture rt'sulting from the compression 
may ea.sily be sufficient to expUxlc the mixture before the piston has 
reached the end of its stroke. Such pre-ignition of the charge, tend- 
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ing to force the piston back, gives rise to a great shock, which Is very 
destructive to the engine, reduces its efficiency, and is to be avoided. 

Pre-ignition may occur even when low compression exists if any 
part of the clearance is not water- jacketetl, if there is any metallic 
projection into the clearance space, or if there is a gas |H)cket. 
Tn jacketed parts or projections, not being projHrly c<m)Ic<1, arc liable 
to Ik* raised to a temperature high enough to cause the ignition of the 
charge. This neces-sitates water-jacketing of the exhaust valve and of 
the piston in engines of large size. Gas pockets, especially w'hen of 
considerable length and small diameter, give trouble because the 
coinlmstion in them is slow as a result of the character of the mixture 
they contain. The burned gases with which such a jKX’ket is filled at 
the beginning of the compression stroke are only slightly mixed with 
the fresh <‘harge. Duririg compression, the fresh charge is forced into 
the open end of the p<jcket ; but there i.s still no satisfartory mixture 
with the burtied gases. When explosion takes place the pocket will 
contain stratific<l gases, ranging from a strong mixture at the open 
end to inert burned gases at the other end. As the combustion 
progresses from the open eiul, it cneounters a mixture which becomes 
continuously weaker and .slower burning. The result may be that 
the combustion is still going on in the pocket after the admis.sion or 
even after the compression of the next cycle has started. The fresh 
mixture may meet the flame and be ignited, either during the suction 
stroke, when it causes a back-fire, or during the compression stroke, 
when it cause.s a pre-ignition. 

Scavenging. Another method of increasing the efficiency is by 
what is known as “scavenging'" the cylinder. In the ordinary Otto 
cycle the charge compressed consists of a mixture of fresh air and gas 
with the burned gases remaining in the clearance space from the 
previ(|jus cycle. If these burned gases are expelletl from Uie cylinder 
by a charge of fresh air before the admission of the explosive charge, 
the force of the explosion and the efficiency are increased. The 
clearing out or scavenging of the cylinder with fresh air has been 
accomplished in several ways. The simplest method is by the use 
of an exhaust pipe of such length that the gases, exhausting from the 
cylinder with great velocity, create a vacuum in the cylinder near the 
end of the exhaust stroke. This vacuum causes the automatic atr> 
admission valve to open; and the consequent rush of lur from the 
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air valve to the exhaust port flushes out the cylhider, especially if the 
air and exhaust valve are on opposite sides of the clearance space. 
It is. however, impossible to predict with certainty the occurrence 
of thU vacuum, several manufacturers having tried without success 
to utilize this accidental phenomenon. Occasional scavenging b 
obtained in engines governing on the hit-and-miss principle, each idle 
cycle flushing out the cylinder, with the result that the succeeding 
explosion is of greater force than the normal explosion. Scavenging 
has also been accomplished by the injection of a blast of high- 
pressure scavenging air previous to the opning of the inlet valve. 

Compounding. It has been pointed out already that the pres- 
sure is high at the end of the expansion in the Otto cycle, and that the 
efficier>ey of the cycle can be increased considerably if the gas is 
expaiKhxl more completely. Ordinary steam-engine practice suggests 
that the more complete expansion can be obtained by compounding; 
but so far no attempts to make a satisfactory compound gas engine 
have proved successful. The practical method of obtaining more 
complete expansion is to take into the cylinder a diminished charge. 
The two methods of accomplishing this are discussed elsewhere. The 
only fundamental difference between engines using these two methods 
b tliat in oi»e case the governor controls the amount of the opening 
of the admission valve, and in the other determines the instant at 
which the ailmission valve shall close. 

Double-Acting. One of the main objections urged against the 
Otto cycle b that it requires two revolutions of the engine for its 
('ompletion, so that the expansion oi motive stroke comes but once 
in four strokes. A very irregular driving effort results from tliis, 
making large fl>'wheels necessary if the main shaft b to rotate 
uniformly, or else requiring the use of several engines working on the 
same shaft. The motive efforts can be made twice as frequently if 
the cylinder is double-acting, with admissions and explosions occur- 
ring on l>oth sides of the piston. Many large engines are now being 
made double-acting; but the practical troubles in keeping the piston, 
piston rod, Cylinder, atul stuffing 1 k)X rool enough for satisfactory 
working have prevented the use of double-acting cylinders in engines 
of small site. 

Two-Cycle Engines. Action of Cycle. An increased frequency 
of the expansion or motive stroke eftn be obtained by a slight modi- 
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6c«tk>n of the Otto cycle, which results in the cycle l>clnj( completed 
in two stfokes, and which is consequently calletl the two<ycle 
method. Single-acting engines using the two-cycle methwl give an 
impulse every revolution, and thus not only give greater unif 9 rmity 
o( speed of rotation to the crankshaft, hut also develop 60 to 80 per 
cent more power than four-cycle or OtttM-ycle engines of the same 



sixe. Moreover, they are generally of great simplicity, having fewer 
valves than the four-cycle engines. An example is shown in Figs. 44 
and 45, of a two-cycle engine of small size and of the Import type. 
Fig. 44 is a vertical section, showing the piston at the bottom of its 
stroke, and Fig. 45 is a vertical section in a plane at right angles to 
the previous section plane and shows the piston at the top of its 
stroke. As the trunk piston A makes its upward stroke, it creates a 
partial vacuum below it in the closed crank chamber C, and draws in 
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the explosive eharxe through B. On the downward stroke, the chargq 
l)el()W the piston is oumpressetl to about 10 pounds pressure in thq 
crank chamber (\ tlie admission through B b*nng controlled by ai^ 
automatic valve (not shown) which closes when the pressure ifi fl 
exceeds the atm<»spheric pressure. When the piston reaches the 
lower end of its stroke, it uncovers exhaust port A', and at the same 
time brings ailmission ixirt I), in the piston opposite the by-pasg 
opening EE};], and p<*rmits the compressed charge to enter thq 
cylinder 0, through the automatic admission valve / as soon as thq 
pressure in the cylinder falls below that of the compressed charge. 
The return of the piston shuts off the admission through E, and the 
exhaust through K, and compresses the cliarge into the clearance 
space. The charge is then exploded, Fig 45, and the piston make;^ 
its dovni, or motive, stroke. Near the etui of the down stroke, after 
the opening of the exhaust port A', the admission of the charge at 
the top of the cylinder sweeps the burned gases out, the complete 
escape being facilitated by the oblique form. Fig. 44, of the top of 
the piston. The engine is so designed that the piston on its return 
stroke covers the exhaust port K just in time to prevent the escape 
of any of the entering charge. Tlie processes descrilied above and 
below the piston are simultaneous, the upstroke being accompanied 
by thf admission below the piston and compression above it, while 
the down stroke has expansion alxivc the piston and a slight com- 
pression below it. The very short interval of time between the 
beginning of the exhaust and the admission of the new charge— 
which enters as soon as the pressure in the cylinder has fallen enough 
to permit the admission valve to open— makes premature ignition 
of the charge, or “back-firing”, of not infrequent occurrenc'c. If 
the mixture is weak, or tlie speed is very high, so that the charge is 
still burning when admission begins, or if the frequency of the explo- 
sions brings any part of the cylinder to a red heat, the charge will 
lieignitetl on entering, aiul the explosion w ill then travel back through 
EE E to the crankcase, which has to be made strong enough to resist 
it. In large engines the charge is comprcssetl by a separate pump, 
and not in the crankcase. 

SingU-Valrf Type. X nuxlification of the two-cycle engine 
makes the con>truction even more simple, so that the only valve on 
the engine is tlie automatic valve ailmitting the charge to the crank- 
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case. Ill this enjfine, Fif?. 40, the sitics <»f opi'ratioiis is precisely 
similar to that just ciescrilK‘d. The only <iiffereiue is in the by>paas 
connection A’, which has no valve between it and the cylinder. The 
exhaust is made to 0 {H‘n a little earlier than the admission, in 
order to make sure that tlic pressure in the cylinder shall have fallen 
below the pressure of the slightly compressed charge when the admis- 
sion port oiiens. If the 
opening of the exhaust and 
ailmission ports were sim- 
ultaneous, as in the engine 
just destTibed, some of the 
exhaust gases would force 
their way through E to 
the crankcase, igniting the 
charge there. 'I'he piston 
is so shapeil that the en- 
tering charge is dirt'cted 
to the top of the cylinder, 
forcing out the burned 
gases before any of the 
charge can escape through 
the exhaust port. 

Single Ilewhing-DuHk 
Valve Type. In place of 
the automatic inlet valve 
at B, a revolving-disk 
valve is sometimes used, 
which turns with the crank 
and contains a slot that | 4^ Modification of Smnll«y Two-Cvrlo KngiM 

registers with the crank- 

case inlet during part or all of the upstroke of the pi.ston. The disk 
is pressed against its seat by a light spring. This arrangement makes 
the admission of the charge to the crankcase positive and permits 
of adjustment of the duration of admission, and consequently of the 
volume admitted. It sacrifices, however, the reversibility of the 
engine. 

ValveleM Type. A further and la-^t modification of this engine 
makes it entirely valveless and of the utmost .simplicity. It is Ulua- 
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tnitcd in I'in- Al. Thu admission of the charge is through the port B, 
whic h is covered and uncovered by the piston, and which conse- 
(|uently does not n'cpiire any automatic valve. During the upstroke 
of t hc‘ piston, a vac uum is created in the closed crankvase, tdl near the 
top <?r its stroke, whi*n the admission port 11 is uncovered and the 
explosive ciiarge riishc-s into the crankcase, (illing it until the pressure 
there is approximately atmccspherie pressure. The other o|)erations 
are exactly as in the engine previously described, the charge being 
compressed in the c rank easing during the down stroke, and then 
Iransferrc-d through port l> in the hollow piston, and through 
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port E in the cylinder wall, to the upper side of the piston, when it 
is neor the end of its down stroke. This modification is generally 
known as the “three-iacrt type of the twoKwele motor”. 

The power of a small two-cycle engine can be varied by throt- 
tling—thnt i.s, by varying the amount of the charge taken into the 
cylinder. This is accomplished either by throttling the admission 
to the crankcase, or by throttling in the by-pass between the crank- 
casw and the cylinder. There is probably little to choose Ijetween 
these two methods. 

LcMjfo/ Efficiency in Two-Cycle Types, The great compactness 
and simplicity of the small two-cycle motor are obtained at some cost 
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of efficiency. In all gas engines a ot'rt.'iin amount of work has to l>e 
(lone in getting the explosive mixture into the cylliuler during the 
snclion stroke, and in oxfK'lling the exhaust gases during the exhaust 
stroke. This gas-friction work is represented nn the indi( iitor^eard of 
an Otto-cycle engine by the negative loop, Figs, .‘i and S, whi(‘h has to 
be subtracted from the positive loop in onler tf» give tin* indicated 
horsepower of the engine. In the four-eyele engine, this negative 
work is usually from 2 to 5 per cent of the total work, and is a dead 
loss. In the two-cycle engine, consitlerably more work must l>e done 
in order to get the gas into the eylinder. 'I'he time available for the 
admission of the charge is extremely short. In a small high-si)eed 
engine, it will be from one-totw*>-hundredths of a .si“«‘ond; in a large 
two-c‘ycle engine, it may amount to one-twentieth of a second. In 
any case, it will not be more than one-thir<l to one-fifth of the time 
available for admission in a four-cycle engine. Moreover, this 
admission takes place while the exhaust gases are going out rapidly 
and, consequently, while the pressure in the cylinder is appreciably 
greoter than atmospheric pressure. In orrler to overcome the back 
pressure of the exhaust, and also in order to be able to enter with the 
very high velocity necessitated by the short duration of admission, 
the explosive mixture has to be pre-c'ompresswl to S or 10 pounds 
above atmospheric pressure iH'fore its admis.sion to the cylinder. 
Whether this pre-compression is done in the crankcase, as in small 
engines, or in separate compression pumps, as in large engines, it 
requires the expenditure of a considerable amount of work — an 
expenditure which decreases the available |>ower of the engine 
W’ithout giving anything in return, other than the ]>ossibility of 
maintaining the cycle of operations. This loss of p(»wer in coinpress- 
ing the charge is ordinarily from 7 to 12 per cent of the total work 
done in the cylinder. 

Ahother loss of efficiency in the two-cycle engine results from the 
fact that the admission and exhaust ports arc open at the same time. 
An endeavor is made to have the exhaust port close before any of 
the entering charge has reached it; but practically it is not possible 
to accomplish that particularly in an engine which i.s to run at 
various speeds. If, in an endeavor to prevent such loss of gas direct 
to the exhaust, the exhaust port closes early, too large a volume of 
the exhaust gases will be retain^ in the cylinder; the amount of the 
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charge which can enter will be correspondingly decreased; and both 
the efficiency and the capacity of the engine will suffer. In larger 
engines this trouble is obviated to a great extent by forcing air into 
the cylinder slightly ahead of the explosive charge and closing the 
exhaust port when the charge of fresh air is passing through. This 
device is also valuable in preventing back-firing of the charge. 

Besides its simplicity and compactness, the small two-cycle 
engine may claim reversibility as one of its advantages. The direc- 
tion of rotation in the small valveless two-cycle engine is determined 
solely by the timing of the ignition. It is possible to reverse such a 
motor merely by making the point of ignition very early. This 
causes an explosion well before the ending of the compression stroke, 



and may develop suffii ietit pressi^re to stop the piston before it gets 
to the end of the stroke and start it going in tlie other direction. 
When ofice started in the other direction, the ignition, if unchanged, 
will be a very late ignitioti. giving comparatively small power; 
shifthig the ignition back a little will give the engine its full power 
in its reversed direction. This process is practicable only in small 
engines with light reciprocating parts, arid is most convenient for 
small motor-boat use. 

The two-cycle engine develops on the average about 70 per cent 
more power than a four-cycle engine of the same size and speed; 
it uses from 10 to 20 per cent more gas per brake horsepower. 
A typical indicator card for a two-e^cle engine i^ shown in Fig. 4& 
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MODERATE-POWER STATIONARY ENGINES 
Vertical Type 

As the moderate-power stationary engines are of most general 
importance to the engineer, the descriptions of engines given imme- 
diately below are taken from that class. The greater part of what 
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follows applies to gas engines of every kind ; where it docs not, special 
attention u called to that fact. 

Wcstinghouse Singl^Actiiif Engine. The construction of a 
medium-sized gas engine using the Otto cycle is illustrated in the 
sectional devation, Fig. 49, of a vertical engine. As in practically 
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hII such engines, the engine is single-acting and has a long trunk 
piston, which acts as a crosshead and also permits the use of several 
piston rings whereby leakage past the piston is prevented even with 
the high pressure obtained by the explosion. The engine is made 
single-acting because the piston, piston rod, and stuffing box give 
great trouble if exposed to the high temperature of the burning gases 
unless they are water-c-(K)Ic<l, and the xvatcr-cooling of these ports is 
difficult in small engines. Since the cycle occupies two revolutions, 
the valves ami igniter have to opt'rate once in two revolutions; 
therefore, the cams which drive these parts are mounted on shafts 
running at one-half speed of the main shaft. 

General Detaili. Referring to Fig. 40, .1 is the shaft which 
carries the (?.\haust-valve cam, and is driven by gears from the main 
.shaft. The exhaust cam work.s against a roller carried on the free 
end of the guide lever G. The exhaust valve E has a long stem pro- 
jecting downward and resting on a hardened steel plate on the upp<'r 
side of the guide lever G. The spring .surroumling the stem serves to 
bring the exhaust valve back to its seat, and to keep the stem in 
contact with the gui«le lever. From the exhaust camshaft A, a 
horizontal shaft with bevtd gears leads to the op|X)site side of the 
engine, engaging with a vertical shaft, which in turn drives the uppt‘r 
camshaft li. The governor is mounted on the vertical shaft. The 
upi)er cam.shaft carries two cams, one of which engages against a 
roller on the end of the horizontal lever C. As the throw side of this 
cam comes upjHTrnost, the opposite end of the lever C depresses the 
stem of the inlet vab e ,/, opening the latter for the admission of the 
mixture of gas ami air. spring oc, the stem of the inlet valve fur- 
nishes a means for closing it and keeping the cam and roller always 
in contact with each other. Immetliately atijacent to the inlet-valve 
cam is the igniter cam. w Inch, at the proper instant, operates a, hori- 
zontal plunger working through the guide D, and breaks the electric 
circuit at the terminals of the igniter F. 

Water-Jacketing. The cylinder heads and the upper eml of the 
cylinder are thoroughly water-jackctc»l, as, owing to the high tem- 
|)eratures to which these parts an* subjecteil, they would soon become 
red-hot if no means wen* provided for keeping the temperature down. 
The cooling w ater enters at //. and is disdiargetl at A'. 

Fuel Mixing, The gas and air ehter the mixing chamber M by 
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separate inlets in proportionate amounts which can be regulated, and 
the mixture is conducted through a distributing chamber to the port 
N leading to the b linder head in which the inlet valve is located. 
The exhaust gases ftcupc through 0. 

Operation. The operation of this engine is illustrated in the 
accompanying figures. The admission of the charge of air and gas 
takes place during the first downward stroke of the engine, Fig. 50. 
The exhaust valve E i.s closed, and the admission valve J is open, 
closing only when the pi.st«m is at the end of the stroke and the 
cylinder is full of the e.xplosive mixture. 

During the return stroke. Fig. 51 , both valves are closed, and the 
charge is compressed till at the end of the stroke it occupies only the 
clearance space. Shortly before the end of the stroke, the igniter 
cam has brought the igniter terminals into contact, completing an 
electric circuit. When the crank is nearly on its dead center, the 
igniter terminals are separated by the action of a coiled spring in the 
guide D; and, as they fly apart, the circuit is broken and a spark 
passes between the t«‘rminaLs, Fig. 52, igniting the charge. An imme- 
diate rise of pressure occurs, and the piston i.s forced downward, 
both valves remaining closed until just before tlie end of the dotivm 
stroke, when the exhaust valve E opens. 

During the whole of the last return stroke, Fig. 53, the exhaust 
valve E remains cjm'ii, and the pnalncts of combustion are forced 
through 0 to the atmosphere. The exhaust valve closes as the piston 
completes the stroke, and everything is ready to repeat the cycle. 

Nash Engine. Another form of vertical engine in which the 
inlet and exhaust valves are located side by side is shown in vertical 
section in Fig. 54. The inlet valve o and the exhaust valve (not 
shown) are o|H;rated from the shaft c, which is driven from the main 
shaft by spur gearing at one-half the speed of the main shaft. A cam 
on the shaft c, acting thn)ugh a roller, lifts the pivoted lever d, at the 
end of which i.s the long .spindle of the valve a through which the 
charge b admitted. The exhaust valve is behind the inlet valve, and 
is operated in the same manner. The air and gas are mixed, and the 
amount of the mixture is regulated in the balanced-disk throttling 
governor valve c, the position of which is regulated by the gover- 
nor/. The air and gas are admitted to the governor valve through 
the pipes f and h (not shown), and the proportions of the mixture are 
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regulated by the hand valves t. The exliaust passes out through the 
water-cooled header j. The igniter is a magnetically operated inake- 
and-break plug, timed by a commutator mounted on the camshaft. 

Rathbun Engine. The engine shown in Fig. 55 has both the 
inlet and exhaust valve in the cylinder head, thus permitting the use 
of a dished cylinder head. The valves are actiiatc«l by a device known 
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as a '*roller-path lever”. In this <levicc a lever is pinned at one end 
to the valve-actuating rod, and on the other is fitted with a roller 
which rests on the top of the valve stem. The top of the lever is 
curved. Above it b a block which is firmly held in position in the 
valve bonnet and has .somewhat smaller curvature than that on the 
lever. Thb block b adjustable in order to allow for taking up wear 
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in the valve mechanism. When the valve-actuating rod is pushed 
up to open the valve, the curved surface on the lever rolls smoothly 
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and iu)is«>lr>>ly «»ver the <-urveil .surface uf the hhn k and depresses the 
roller eiul of the lever, thereby opening the valve. The actuating 
rod 19 connected to an eccentric and operates the rod through a cro89- 
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head wliicli slides in a Rui<le held in the top of the frame or housing. 
The exhaust valves, exhaust ellwws, and manifold are water-eoole<l. 
The pisttai is providwl w ith an air-insulating space or iMX'ket at its 
top to prevent the accumulation and carlmni/.ntion of oil on the jiot 
piston hefl<l. Tlur journal lM>xes rest on wislges whic h are adjustable 
from the outside by a bolt on either si<le of the engine, which 
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thus facilitates the lining up of the crankshaft. Thesi* w(*flges may be 
taken out sideways into the engine base by rc'moving the adjusting 
wedge bolt.s. This allows the journal Im)x to Ik; rernovcfl in a like 
manner, while the cap may lie removixl in the usual manner; tlias 
providing a means of replu’ing the main journals without disturli- 
ing the crankshaft. The journal-cap stu<ls arc continued upward 
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through the housing, forming stay bolts, through which all strains 
created by the pressure in the cylinders are transmitted directly to the 
main journals. Because of this construction, it is possible to have 
large doors in the housing to facilitate repairs and adjustments inside 
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the crankcase. The governor, of the fly-ball type, is driven from the 
eccentric shaft and acta directly on a throttle valve. The governor 
also changes the timing of the ignition to suit the compression as 
affected by the throttling. The throttle valve Is a two^isk balanced 
valve acting directly on the mixture. The quality of the mixture is 
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regulated by an additional valve in the gas line, which has light doail 
dhd full-load adjustments similar to some carbureters, thus providing 
an automatic maintenance of the proper mixture throughout the 
range of load. The ignition is by mechanical make-and-break igniters. 

Bruce-MacBeth Engine. The engine shown in Pigs. &6 and 57 
also has both the inlet and (‘xhuust valve lot'ated in the cylinder head 
The valves are actuatwl from a camshaft through levers pivoted on 
brackets bolted to the cyliiuler heads. The camshaft is carried at the 
level of the top of the cylinder head in bearings which are an integral 
part of the jacketed exliaust outlets. The camshaft is driven from 
the cranlwhaft through a vertical shaft by bevel gears. The valves 
are carried in cages, the exhaust-valve cage being water-cooled 
though the exhaust valve itself is uncooled. The inlet-valve cage is 
divided into two c'ompartments by a ledge at the middle of the cage — 
the upper compartment connecting to the gas main and the lower to 
the air main. A disk is carried on the inlet-valve stem which scats on 
the dividing le<lge of the cage when the inlet valve is closed, thus 
serving to shut off the gas compartment from the air compartment 
and preventing the formation of an explosive mixture until the inlet 
valve is opened. This arrangement helps to scavenge the cylinder 
since, when the inlet valve opens, air is nearest to the opening, and 
consequently a layer of pure air is drawn into the cylinder, previous 
to the commencement of the suction stroke, by the inertia of the 
exhaust gases in flowing out of the exhaust valve. This layer of pure 
air tends to replace the products of combustion remaining in the 
clearance space and to force them out through the exhaust valve, 
thereby scavenging the cylinder. The exhaust valve closes before 
any of the oncoming explosive mixture can be lost into the exhaust. 

The regulation is obtained by a fly-ball governor mounted on the 
vertical shaft, which operates either a balanced-cage throttle valve 
or a balanced-disk throttle valve, depending upon the fuel used. The 
ignition is obtained by two sets of jump-spark plugs mounted one on 
either side of the cylinder. One of these plugs is a standard grounded 
plug and the other is a special plug with both electrcKies insulated. 
The current is obtained from two high-tension magnetos— one for 
eadi system— mounted one on either end of the camshaft. A timer 
or distributor, to direct the current to the proper plug at the proper 
instant, b built into each magneto. 
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Fairbanks- Morse Engine. tL* engine shown in Eig. 58 ims 
both valves loeaUxi in the cyliiuler heml, tlie exhaust valve Innng 
meehanieaily oia^ruted, while the inlet valve is autninatieally opt^rated 
by the suction of the engine. The engine, as represent ixl, is equipped 
to oi)crate on gasnliru*. 

Horizontal Type 

Otto Engines. An example of the horizontal form gas engine 
is given in Figs. 50 and G(), wliieh are vertu al < ross sec tiinis through 
the cylinder and valves. The admission and exliau^t \ alves *1 and / 



Fig. ■*>0. Otto Cm F.ogim, l^ODgitudinal Section of Horiionlat 
OffurtMy of Otto Cat £ntrtn« Work*, l*K%ladflpkio, i*triri$yltani» 


are placed one above the other — the exhaust Iwlow. The valves 
are opened by cams 3/ and U, resjjectivcly, mounted on a horizontal 
side shaft parallel to the axis of the cylinder. The exhaust cam acts 
on the €nd of a lever L with a fixed fulcrum, giving an invariable 
opening to the exhaust valve. The admission cam acts on the end of 
a lever, G. The governor controls the time and duration of the open- 
ing of the admi.ssion valve and thereby controls the amount of the 
explosive charge admitted to the cylinder. The ignition is obtained 
by an oscillating magneto and make-and-break igniter plug, which 
are operated by a rod driven by a crank on the end of the side shaft. 
A gas valve B is mounted on the inlet-valve stem, as in the previous 
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engine, only, instead of being mounted rigidly, it is mounted Io(^Iy 
and is held to its seat by a spring. 

Alberger Engine. The engine shown in Fig. 61 is a horizontal 
single-acting tandem. The cylinder head of the front cylinder is 
provided with a stufhng box to prevent explosions from blowing out 



ITf. 00. TraMTem Sti^tioa ot Otto EngiM 
Gm Workt, Phikdilpkia, 


around the piston rod. The stuffing box is water-cooled and provided 
with five snap packing rings. Tlw piston rod is solid and imcooled. 
The valves are iot'ated on the side of the cylinder in a valve chamber, 
which is a water-cooled casting separate from the cylinder casting. 
The valves are actuated by a cam and lever as shown in Figs. 158 and 
159. The regulation b secured by a Rites inertia flywheel governor 
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rotutiiig a cut-off cage valve. The ignition is obtained by a double 
high-tension jum];>-spark system, two spark plugs being provided for 
each combustion chamber. 

Foos Engine. An entirely different arrangement is shown in 
Fig. 62, where the valves are located on opposite sides of the cylin- 
der C. Both are mechanically operated through cams and push rods 


operating the hell-crank lever shown in the figure. The inlet valve E 
is optmed by tlu; lever A; the exhaust valve 1), through the lever A'. 
The igniter is placed close to the inlet valve. The provision of a plug 
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above each valve peripits 
reatly access to the valves 
for removal or grinding. 

LARGE GAS ENGINES 
General Character- 
istics of the Type. Avery 
rapid development has 
taken plac e in the size to 
which gas engines are 
built, until now there arc 
in oiwration units devel- 
oping over 5000 horse- 
power each. There arc 
some special problems 
which arise when large 
power is to be developed 


in a single engine; and for that reason the large gas engine is here 


considered separately. 

The gases which are commercially available for use in large gas 
engines are: natural gas, blast-furnace gas, prodiK’cr ga.s, and coke- 
oven gas. Gases rich in hydrogen are objectionable on aw'ount of the 
excessive stri*sses <uused by pre-ignition in a large cylinder. 

The American practiw is to make large gas engines of the 
nde<rank type. With the four-cycle type of 1(K)0 to 1500 horse- 
power, a tandem double-acting engine is usual; for 2000 horsepower 
and over, double-tandem double-acting engines are used. The tan- 
dem double-acting engine gives two explosions per revolution, 


Nsulting in a very uniform speed of rotation. 
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Wuren Engine. An example of a moderate-sized single-act* 
ing tandem engine is given in longitudinal section in Fig. 63, and in 


nt. ««. 


Cfow tfefUon Ttiroui^ V*I»m of Ww?** Tandem Caa Skom 

•a IxMtitudiiiai «««wa in »■. 63 



cross section through the valves in Fig. 64. This particular engine 
is up longer built, but many of them are still in ser\'ice. Besides, thb 
engine is tj'pical of large single-acting tandem engines. This arrange* 
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mrnt rpquires a stuffing Im>x in thf front iN-linihT. Tin* piston aiul 
piston rcnl, the exhaust valves, and the exhaust-valve i ages arc watcr- 
jaeketwl. Tlie water enters the front piston througii a pij>e sliding 
through a stuffing box; gws through the h<»llow piston nxl to the rear 
piston, and from there discharges through a pipe into a trough in the 
intermediate bed. The jackets are east separate from the evlinders, 
• and make sliding joints at their front ends so as to allow of dilTerential 
exi>ansion of the cylinders and jackets. The jacketing of the exhaust 
valves is shown clearly in Fig. (Vh 

The valves are situaterl vertically above one another, the 
exllau^t, as usual, being below. Tlu'y are worked by a single cam on 
the lay shaft, through intermediate push nals and lc\er^; the exhaust 
valve, through a mas>ive lever with ahxe«l fuh ruin; and tin* admission 
valve, through a lever witli a movable fulcrum. The jx^sition of the 
movable fulcrum is controlled by the gov<‘rnor through a flc'xibic 
steel .strip; the farther in it is pushed, the le.ss tioes the admission valve 
oj)en and, con^e<piently, the more is the charge throttled. Tlie 
movable fulcrum is C|uite free to move at all times, except when the 
admission valve is actually being o|x*rated. The go\ernor is frt*e to 
move even at that time, as it can bend the flexible strip; cfnisetpiently, 
the W'ork on the governor is extremely slight, ami it can be made very 
sensitive. Thes^r engines have cofjvertcd d2 jM-r ceid of the total heat 
of the gas supplied to them into indicated w<>rk. 

AUis-Chalmers Engine. 'Die normal t\|)c of large-size four- 
cycle gas engine is shown in Fig. (m, which is a drawing of the largest 
gas engine yet built in this country operating on blast-furnace gas, 
and in Fig. Gti, which is a cro.ss section of another engine of the same 
type. It is a tandem double-acting, .side-crank engine, w ith the irdet 
and exhaust valves placed as in the engine just dc-scrilw'd. Owing to 
the grefit weight of the pistons and ro<ls, the latter are sup{x)rtcd on 
three slides, and the cylinders are thereby reliev(*d of wear. 

Water-Jarketing. The main tarings the crankshaft arc 
W8ter-coole<l, and are provided with spherical .seats to allow for 
deflection of the shaft. Each cylinder witli its jacket is a single 
casting; the great depth of the water-jac ket space is intended to 
permit of differential expansion of the cylinder and jacket ; the longi- 
tudinal tensile stresses are carried by the jacket wall, the cylinder wall 
being subjected only to the pressure of the gases. The pistons are 
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water-cooled; and, at 
there are no nuts or other 
projections from the pis- 
tons, all parts are ade- 
quately cooled. The hol- 
low piston rods .are of 
nickel steel , and are given . 
such an initial camber 
that they become straight 
when they support the 
weight of the pistons and 
c(M)ling water. Water for 
<«)oling tlie pistons and 
rods is brought to the 
central erosshead by 
iiK'uns of pipes with 
swing j(nnts on each side 
of the .crosshead, the 
water from one pipe go- 
ing forward, and that 
from the other pipe to 
the rear nxl. After cir- 
culating through the pis- 
ton and rod, the water Is 
discharged from pipes at 
the ends of the piston 
nxls into a slot in the tail- 
guide frame at the one 
end and, as in the pre- 
ceding engine, , through 
a pipe which slides 
through a stuffing box 
in the main frame. The 
packing used in these 
stuffing bo.xes consists 
of sectional cast-iron 
rings enclosed by re- 
taining rings. 
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IgnUian. Separate gas and air pipes above the engine-room 
6oor are dispensed with by making them an integral part of the 
cylinder casting at the center of the length of the cylinder, as b 
shown in Fig. 65. This type of construction is known as a 
“belted cylinder” and greatly simplifies the appearance of the 
engine. Because of the large diameter of the cylinders and the 
consequent large volume of lean blast-furnace gas in the combustion 
chamber at the Instant of ignition, three igniters are used for each 
cylinder end instead of two, as is the usual practice. Two of the 
igniters arc located, one on either side of the cylinder, forty-five 
degrees down from the vertical. The third b located in the same 
plane as the other two on the side of the cylinder away from the lay 
shaft, forty-five degrees up from the vertical. This third igniter is 
necessary because of the distance through which the flame has to 
travel in this engine. Its use increases the power of the engine 20 
per cent. The igniters are mechatucal make-and-break (shown in 
Fig. 120 and described on page 183) operated by igniter camshafts, 
which run at half the speed of the crankshaft. 

Valm. In the cross-sectional view through the valves, shown 
in Fig. 66, some of the details of the cylinder, such as the sepa- 
rate casting for the gas and air passages, are different from those of 
the enpne shown in Fig. 65. The inlet and exhaust valves and the 
mechanism actuating them are unchanged. 

The exhaust val ve and its stem arc in one piece. The valve stem, 
head, and cage are all water-cooled, as shown in Yig. 66. The water 
leaves by a swinging hose conne<.*tion at P, and enters by the internal 
tube and another hose connection at 0, The valve is operated by 
the eccentric M on the lay shaft K, through the rolling lever ful- 
crumed at R. The rolling lever is the most largely used of the valve- 
operating devices. The eccentric rod b in tension— an advantage 
over the push rod, especially in large engines where the total pressure 
to be exerted on the exhaust valve, in order to start lifting it, is very 
great. 

The inlet valve G is operate<l through the eccentric L by means of 
rolling levers. The period and amount of the opening of the gas 
valve H are controlled by the governor. The quantity of the mixture 
admitted, and therefore the compression pressure, is kept constant; 
but the quality of the mixture is Varied. The inlet valve 0 opens 
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before the gas valve //, tluis Aflniittiifg air only at first ; and, as the 
exhaust is still open at that time, the entering air scavenges the 
cylhider and puts out any flame still remaining in it. Then follows 
the a<lmission of a mixture of air and gas. The gas valve then closes 
slightly ahead of the main valve, so that the last part of the charge 
admitt<^ is air; thi> fills the valve chamln'r Iwlow the inlet valve, but 
. is not in contact Avith the igniters. 

The gas valve // is of the double-seated typ*. and is <»perated 
by two nnls, shown in I'ig. (Ui, which <*onne( t it with the crosshead T, 
and with a rolling lever fulcrumed at N on the crosshead I'. The 
fulcrum lever T is forked on its inner eml, ainl the ends of this fork 
are pivoted on fixed pins. The rolling lever Ix-ing coniiectci! to the 
main inlet-valve rolling lever, laith levers move in unison. The 
position of the fulcrum lever T is controlle<l by the governor through 
the n)d E and the eccentrie on the shaft F; consispicntly, the gov- 
ernor (N.ntn>ls the nKA’ement of the inner end of the rolling lever 
fulcrumed at S, ainlof the gas valve II. 

Slariing. Starting is by means of coinprcsse*! air admitted in 
turn to each cylinder end,. at what would be the. expansion stroke, 
through tlie valve (\ 

Valve Gear and Governing of Westinghonse Tandem Engine. 

The valve gear and governing of another t>i)e of large gas engine 
are illustrated in Fig. fi7. One ec<'cntrie is ctniiloyed for iKdh the 
exhaust and the inlet valve. There is a single mechanism which (“om- 
bines the functions of inlet, mixing, and governing valves. The 
mechanism consists of a spring-operated poppet \alve, a stationary 
cage in which it is housed, and a mixing or regtilating valve shi*ve 
which reciprocates w ithin the cage and ndates on the inlet-valve stem. 
The regulating slcrve is provided with ports registering with corre- 
sponding ports in the surrounding valve cage. The valxe has three 
distinct motions- a definite vertical motion of the |)op(M‘t valve, the 
vertical motion of the sleeve, ainl a rotation of the .sleeve controlled 
by the governor alone. 

The main ix>ppet valve is workecl from the eccentric through a 
push rod and rolling levers. When it is closed, the r,\ lindnV'al sleeve 
closes the air and gas ports. As the main valve opens, the sleeve 
falls, uneovering the ports. 'Fhc area of the |x)rts uneoven*d is deter- 
milled by the angular position of the sleeve. The rotating sleeve 
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acts as a throttling valve, but dues not affect tlie relative amounts 
of air and gas admitted. The governing is by quantity, not by 
quality. 

General Cylinder Construction. The cylinders of i the largest 
engines of this type are cast in halves fitted together with ground 
joints. An opening is left between the two halves of the jacket at the 
center; this o{)cning is closed by a split jacket hand, Fig. 68, making 
water-tight joints with the castings but permitting independent 
expansion of the cylinder and the jacket. 

Effect of Two or More Igniters. It is necessary, in a large gas 
eiifdne, to ha\ c two or more igniters for each combustion chamber. 
The combustion starts at the igniters, and spreads with a moilerate 
velwity. In order to make it complete in a sliort time, it is best to 



start it simultaneously at two 
or more points. In small en- 
gines this is not necessary, as 
the distance the flame has to 
go in order to fill the combus- 
tion space is short. The effect 
of using two igniters is shown 
in Fig. 69, which gives two 


Fi«. so indi«tor supcrposcd indicator cards 

taken from a large engine. 
The dotted-line card was taken with one igniter in use; the full- 
line can!, with two igniters. With two igniters the combustion is 


seen to occur more rapidly than with one, giving a maximum pres- 
sure of 335 pounds, as against 272 poimds with one igniter. The 
difference between the areas of the cards is about 4 per cent. 

Gas Cleaners. Most of the large gas engines in use at the 
present day are running on blast-furnace gas. The succe^ss and 
security of the operation of these engines depeml more on the effective 
cleaning of the gas than on any other single factor. The cleaning is 
generally carried out by passing the gas through a series of large 
cooling towers provided with a numWr of shelves, in which it meets 


sprays of water. The gaa-is then taken to a centrifugal fan, which 
also is supplied with wwler. The gas and water are thrown against 
the casing of the fan, and the dust b more or less completely retained 
by the water. 
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One of the most effective of tliese gas cieamTS is shown in Fig. 70. 
The cylindrical drum E E is rotated at a s})eed of about SoO revolu- 
tions per minute; it carries on its periphery un oblique vane forming 
a continuous spiral curve. This vane, togi-ther with the easing which 
it almost touches, makes a spiral channel through which tin* gas must 
pass on its way through tlie <‘lcaner. The fnuit part of the drum, 
throwing the gas outward by centrifugal force, acts ns n suction fan, 
drawing the gas tlirough the nppanitus. CMcaning water enters 
tlirough tangential <»iM nings Ji in the sale of the casing, flows through 
the cleaner in the op])osite direction to the gas, and eseu|H‘S at I. 



Kii{. "0. vTow of Tlii-i-*‘'U ('IcaiH-f 


The casing is covereil on the inside with wire jutting, which retains 
the watur. Tlie gas preferably gfK*s to the cleaner when still hot, 
as this vap«)ri/cs some of the water ami moistens the flust particles, 
making tlicm heavier. 

HIGH-SPEED ENGINES 
Automobile Engines 

General Characteristics. Automobile engines are generally 
vertical multicylimler ftnir-<yclc engines <lesigne<l to run at sjwcfls 
<if MX) revolutions |)er minute or over, with short strokes, jum|)-spark 
ignition, mechanically o|>erated inlet valves, using gasoline as a fuel, 
ami developing not more than 15 horsepower ]wt cylimler at StXI 
revfilutions. The power is usually controlled by throttling with hand 
a«ljustmetit. 

The horizontal arrangement is usetl sometimc*s with tw'o opposed 
cylinders— that is, horizontal cylinders lying on opposite sides of the 
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crankshaft and with their cranks at 180 ®. Two-cycle engines are 
also used occasionally, hut, so far, have no^ met with much favor in 
automobile practice. The standard practice is to use either four or 
six cylinders arranged in a vertical row, and usually with the cylinders 




cr/./noEK 

C/tA/i/^3AT /^O’ 
FtffED / 3 



CYI/HDEF 
CRA/iF3 A r hSO' 
FIFED / J £ 



SIX CYL/ffDF.F 
CFAmS AT mo* 
FIRED t 5-3 Q X-* 



n<. 71. Artafigi'fiH'iil cif .Muliirytimlpr Fo«r-Cycl^ CDgiuc for B«sl Ralafcriiut 

cast in pairs. Although cylimicrs cast in triplets and “en bloc” — all 
the cylinders of the motor cast integrally— are commoii. 

With four cylinders an explosion is obtained twice every revolu- 
tion of the crankshaft, so that the motor strokes come as frequently 
as in a double-acting steam engine; with six cylinders there are three 
explosions per revolution. The explosions are made to take place in 



GAS AND OIL ENGINES 


131 


that order which ^ives the best halaiiein^ to the enijiiie— that is, 
which will greatest freecloiu fnnu vibration of the engine as a 
whole. With a fonr-ev linder engine, the cranks «>f cylinders 1 and 4 
should he together and at IM)'* to the cranks of < ylinders 2 and 3; 
the order of firing in the four <‘ylindcrs shouhl he 1, 3, 4, 2. This is 
shown in the diagram, Fig. 71, together with the hc>t arrangement of 
tranks ami order of firing for otl»T mnlticylinder four-cycle engines. 

Classification According to Val\e Arrangement. There are 
several standard arrangements of the poppet valves in antomohile 
engines. The classification <»f the varuais arrangements is as folhnvs: 

The two ^•ulve^ may he on one .side of the < ylinder --“L” Head 
Motor. 

()nopiK)site .sides of tiu-cylimicr "T” llea<l Motor. 

In the head, or el>.e one on tin- side and one in the hemi -Over- 
hemkValve Motor. 

The hilhtw inaexaini)h s .are re|)rcM'nlati\ e of the various types of 
motors and .show nie best present-day j)raeti«-e. 

F<>iir-(’iflliit!rr "//’ Haul Motor. This motor, sliown in Fig. 72, 
i.s a fonr-<ylindir “<*n hlo.c” “L ” head motor. 3 he cylinders, valve 
ehamlx r, inlet manifold, water ja< ket, ami cMiu<ler heads are east 
integral, the cylimler lusuls Ixing reinforced by cro.ss ribs. The 
cylinders and valve j)as.sages are entin ly water-ja< ket< d, and a draiin 
cock, situated at the lowest level, permits complete drainage. The 
water inlet i.s situated <lirectly underneath the (‘xhaust valves. 
The top plate cover for the eyiinder-head ja« ket, is of bronze or 
aluminum ami fnmis the outlet through whi< h the water pa.sse.s to 
the radiator. This o|)ening on top of the cylinders greatly facilitates 
the pr(Hlucti«»n of jm rfect and uniform castings, and also the removal 
of all core sand. 'J'he v;dve c«>v<ts are screwed into the. top of the 
cylinder w ith an asbestos-filled < op|M*r gask< l on the .scat of the cap. 

I’lnf pistons are nuule of the s;une grade and cpiality of cast iron 
a.s the cylinders and are slightly ta|M’re<l. tiach piston is fitted with 
rings of .s» ini-ste» l, and i.s provided with hnir oil groove's, 'flie pi.stoii 
rings are ground on the two sides and fit a<-curatcly into the grooves. 
The wrist pin is of liollow t<Hil steel, ground ami hardemxi, ami is 
fa.stenctl to the connecting rinl by means of a ixilt. 'Phis gives a wirier 
bearing surface, because the iK'aring i.s in the piston liosses instead of 
in the connecting ro<l. 



^nd Vie** and Section Jt/i 
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Tlic inlft and (•xliau>t valv<‘s art* intrn hanm'ahle. Tlu* valvi'-riMl 
‘juiiU’s are uf oast irnn, and are very Inn^. thus preventhigthe nas from 
esj-apinj? when the exhaust xalves are open, and also preventing the 
incotning charge from being diluted hv the suction of air, 

'riie valves are cooled hy bringing the jacket as ch)‘-c a> |)ossible 
to the \alve scats. 'I'he <'ooling is aKo aided by placing tin* water 
inlet directly beneath the exhau-'t valves. The inlet manifold is cast 
inti gral with the (cylinders, and is scparatc«| from them by the water 
jacket. The exhaust manlf<»ld, made of malleable iron Inning a 
gradual taper and ])roviiled with fins to aid in the c<K)ling, is boltetl 
tti the side of the cylinder ca>ting. 

The upper half of tlie crankcaM* is a >lugle aluminum casting 
reinforced by cross ribs, ( 'rankshaft ln‘arings an* suj)i)orted by webs 



Fi*. "a. System of Wuroiisin M<i)r,r 

CuurU.r, »/ iru..jf,.i'. V.rf„r r..mi,$uv, M .lii.iuk.i . n'u.on.in 

extending through the entire tiepth of the case ami are heM in place 
by thnnigh lailts, which are entirely indejx-mlent of the lower case. 

Oil is pfimped by means <if a gear pump locatetl on the outside of 
the lower crankcase and driven ]»y a pair of gears from the camshaft. 
As shown in Fig. 73, the oil is forcetl tt> n main duct cast integral with 
the crankcase, and from there tiistrihuted by means of smaller ducts 
to the main U'arings. It goes through ducts in the crankshaft to the 
txmnecting-rod iH’arings, from which a sufficient amount of f»il is 
throw n olT to oil the pistons and camshaft, both of which are provided 
with oil fxv'kets. 

Fuur-C ylinder T” Ilaid ^f(^tor. In Fig. 74 is shown a trans- 
verse section through one cylinder of a four-cylimler "T” heafl motor, 
with the cylinders cast in pairs. Each pair of cylinders, the valve 
chambers, water jacket, and cylinder heads are cast integral. The 
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t(»[) pliitf rovfT for <‘ju h pair of cylinder-head jackets is provided with 
a flanged o|M‘iiing at its center, which serves ns the outlet through 
which the water passes to the discharge-water manifold, and from 
there to the radiator. This motor is especially built for truck service, 



FIr. 74. Trtnuwnw SmIiad of Typieil "T’ Heaii 4-CylitM)er EnidM 
Cvurirty m/ K’xrunnit Motur ^-fanufatiuriHn Cimpany, Milttuuktr, 


and is fitted with a centrifugal governor acting on a throttle valve ir 
the inlet manifold, so that the truck cannot be driven in excess of Uk 
speed at which the governor is set. 

The oiling system sho^m in Fig. 75 differs from that shown ir 
Fig. 73 in several important features. The lower half of the crank' 
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case is divided into two horizontal ('ompartments, the upper com- 
partment being of presstnl steel. The lower ('oinpartment carries the 
oil supply and contiiins the gear oil puinf). The uppH*r compartment 
contains the oil whicli is usc«l for the splash oiling, the amount of oil 
being carried a\itornatieally at the same level at all times by means of 
standpipes of fixed heiglit which connect the upiHT and lower com- 
partments. The oil pump handles more oil all the time than can be 
consumed in the projM-r lubrication of the parts, the excess oil return- 
ing from the upia-r compartment through the stantlpiiM*s to the low'er. 
The main bearings, the eainshaft gears, and the walls i)f each cylimler 
are oiled through ducts, as in tin* pri'vious system, directly from the 
purfip. The connecting rml and camshaft bearings, and the cylinder 



Fig 75. Oiling System of Nntmnnl *'40** Motor 

Ci*uri4iy of .Kattiiiusl M *tor Vrhuie /rit/iiiroi/Kd**, /nz/uii 


walls to some extent, are oiled by splash from the connecting rod.s. 
These rotis carry tlipj)ers on their lower cmls which dip into the oil in 
the uppt*r compartment. 

Overhead Voire Motor. When the valves are placed on top, it 
is necessary to use levers between the push ro<ls and the valves, w’ith 
some such arrangement as that shown in I* ig. 76. The engine shown 
in hig. Tl has both valves in the head. The valves are operated by 
push rods through rocker arms fulerumed on the eyliniler head. This 
motor is also noteworthy from the fart that it is air-cooled. The 
cylinders are cast integrally of vanadium iron with radial 6ns running 
lengthwise of the cylinder. Each cylinder is jacketed by means of a 
band of sheet iron around the outside of the 6ns, and the upper part of 
of the engine is shut off from the lower part by a horizontal bulkhead, 
90 that the only communication between the upper and the lower 
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coinpartnu'iits is through thr sj)aiT l»i*t\veen the cylimlor walls and 
the jack<*t around the outside of the fins. Thus, if a current of air is 
causi'il to flow from the upper to the lower compartment, the fins are 
cooled by the air current. When placed in the chassis, the engine is 
located in an air <-huinl>er formed by the engine boot and hood, the 
oidy exit from whi« h is through the flywheel, and the only entrance to 
which is through the urea around each cylinder. A “sirocco” suction 
fan is built into the flywheel, and 
when the flywheel rotates, a par- 
tial vacuum is created in the 
lower compartment. Large quan- 
tities of air arc then forced by 
atnmspherie pressure in, down, 
and aroimd each cyliinlcr to take 
the place of the air exhaustc<l by 
the fan. 

Silent Knight Sleeve-Valve 
Motor. Trevious to 1908, the 
only form of valve that had 
proved commercially successful 
on internal-combustion motors— 
with the exception of vuheless 
motors in which the piston acts 
as a valve— was the poppet valve. 
Slide valves and all the different 
forms of valves used in steam 
engines, including fiat-slide, pis- 
ton, ami rotary valves, were at 
one time or another applied to 
Flf. 70. Ariioii Thr,.ufh v*ivrH. overwi iutemul-combustion engines, but 

V alvc AuluiuiibiU Kncuio ^ t 

never in the long run proveil com- 
mcreially successful. In 1908, Charles Y. Knight, of Chicago, induceti 
the Daimler Motor Conqwny of Coventry, England, to take up a 
motor of his invention in which the valve functioms are performed by 
two ported sliding sleeves, one within the other, and both between the 
piston and the cylinder wall. The two sleeves are reciprocated by a 
half-speed shaft carrying small cranks equal in i\uraber to the sleeves. 
This motor has smee proved very successf ul, and has been taken up by 






Fi*. 7}«. Tniniiv«rw Section of BlMnw-Knixht Rk«vi>-Vulve Motor 
CuurtMv <>/ F. B, Sttamt Compoa^ CUftl»nd, Ohio 


the usual poppet valves have been replaced by two concentric sleeves, 
which slide up and down between the walls of the piston and cylinder. 
Each of these sleeves has ports or dots cut on opposite sides. These 
slots in the inner and outer sleeves register with one another at proper 
intervals, producing large and direct openings into the combustion 
chamber from the exhaust and inlet ports. The cylinder head b 
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detAchaWe and part of it extends into the cylinder for quite a distance. 
However, it has a smaller diameter than the cylinder bore, so that 
the two sleeves may enter between it and the cylinder wall. Since 
there arc no valve passages lietween the valves and the cylinder bore, 
the combustion chamber is ma<le 
nearly spherical by making the 
cylinder head and piston hea«l 
concave or bowl-shaped. The 
two sleeves are independently 
o|>erato<l by small connecting 
roils working from an eccentric 
shaft runi\ing lengthwise of the 
motor. This eceiMitric shaft is 
jwsitively driven by a chain at 
one-half the speed of the crank- 
shaft. The connecting rods are 
fastened to the sleeves by pins 
through lugs formed on the lower 
ends of the sleeves, giving a drive 
which is imsymmotrical or one- 
sided, but which has no bad 
effect, owing to the long bearing 
of the sleeves. The connecting 
rods for the two sets of sleeves 
are of different lengths, and usu- 
ally they are inclined, i.c., a ver- 
tical axis drawn through the cen- 
ter of the eccentric shaft lies 
outside of the pins connecting the 
rod.s to the sleeves. The sleeves 
arc sttfngthcncd by circumfer- 
ential flanges at the lower ends, 
above and below the driving lugs. 

Packing Rings. Gas tightness is in.surctl hy two sets of packing 
rings, one set of three or four being phtecil on the piston in the usual 
way, and the other set on that portion of the cylinder head which 
extends into the cylinder and is surrounded by the valve sleeves. 
The latter set comprises one unusually broad ring at the bottom 



Fi* 79. Trunnvfnifl Bi«rii»,>n Uirough 
Mnlin<‘-KniRhl Klervp-ViJvi? Motur 
CoHrfra, of Hfnlinf AutomnbtU Company, 
£ii>l Molitit, /Uingtt 
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known as tlio junk rin^, and tw«> or thrtn* rinjrs u1m»vl* it of tiu' same 
dimensions us used on the piston. The ohj<M t of the junk rinx is to 
seal the p<»rts in the val\ e sleeves while the ex[)losion takes place and 
the gases exi)and in the cylinder. 'I'his ring, therefore, must l)e ma^le 
of greater width tlian the height <»f the |>orts. Kaeh jK)rt extends 
substantially om-third of the iliviatue around the cylinder and is 
provided with a bridge at the middle of its length so as to prevent 
undue weakening of the sleevi-. 

PfKsttnin (if Slmr.it af I (irinus Pninh ui (‘i/cir. 'I'lie (■<'<‘entri<‘ 
dri\ing the inner >ler\e is giM n a certain lead or ajlvam e over that 
«i|M>rating the Diiter sleeve from titr to IMT. 'I'liis lead, together with 
the n)tation of the ce<entrie shaft at half the crankshaft speed, pro- 
dm-es the valve action illustrated in big. M), wJn< h shmvs the relative 
position of the piston, sh*evcs, uml eyliitder jwirts at \ arious points in 
the rotation of the cranksliaft. 

Position / shows the inlet just opening. 'I'he pnrt or slot in the 
inner sleeve is coming up, the })ort in the outer "leeve is going down, 
and the pas>age for the incoming gas is a rapidly in(T(‘asing space 
Wtween the iipjH-r edge of the slot in the inner slee\t' and the lower 
edge of the slot in the outer sleeve. 

Position ii shows the inlet full open. Hoth slots have <'ome 
exactly opjmsite each other and the mouth of the inlet port in the 
cyliiuhT. 

Po.sition S shows the c losing of the itilet, 'I'lie cylinder is m)W 
charged w ith gas and ready for the eoinpressjon stroke. 

Position 4 .shows the position of the sleeves at the toj) of the com- 
pression stroke; the compression space in the cylinder is (omp|et 4 *ly 
sealed by the rings in the head ami the rings in the j)i.Nt4m. The 
explosion takes place at this pi»int. 

Position 5 show.s the exhaust valve ju-t starting to ofam. The 
slot in the outer sleeve is corning up and the shd in tin; inner .sleeve 
is going down. 

Position 6 shows the exhaust full o|H*n. Ihith slots have come 
opposite each other ami the exhaust port in the cylinder. 

Position 7 shows the closing of the exhaust (t|)ening, and is prac- 
tically identical with Position 1. The fotir cycles or strokes of the 
engine, i.e., suction, compression, explosion, and exhaust, have now 
been completed; the crank.shaft has turned twice, the eccentric shaft 
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has driven the sleeves up and down once, and the cycle of operation U 
now ready to be repeated. 

Timing. The timing shown is not different from that ordinarily 
used in poppet-valve engines, but the valve area is greater than that 
of an ordinary poppet valve. The equivalent of increased valve area 
is gained, also, by the directness of the valve opening and the absence 
of restrictions in the gas passages. 

Adcantagen of Knight Construction. The two chief advantages 
claimed for the Knight motor are, first, its high output for given 
cylimler dimensions, which is due to the directness of the path of air 
into the engine; large urea and rapid opening and closing of the valve 
ports; absence of heatii»g of the <‘harge by passing over heated valves 
and valve pockets; and to the favorable form of the compression 
chamber, with the spark plug located in the center of the head. The 
second advantage is the silence in operation, and the fact that the valve 
timing and the efficiency of valve operation are not affected by run- 
ning for long periods, in fact, it is found that the compression of a new 
cngiqc is improved by running, due to carlmn filling up inequalities 
made in machining the sleeves, cylinder, and head. Another advan- 
tage is the small jacket loss due to a combustion chamber with a 
minimum wall area and a minimum exhaust-wall area. 

The silence in op<'ration at all 8|)eeds is due to the fact that the 
valves are closed as well as opened positively. 

If great power and high speeds arc desired in the poppet-valve 
motor, high compression, large valves, strong springs, and steep cams 
are employed, producing a noisy motor. 

Large valves and their seats are liable to warp or t(» be pounded 
out of sha|)e under the cominned action of high temperature and the 
impact from .strong springs. The pressure exerted by the spring 
sometimes reaches 3lK) pounds. 

With the sleeve valve, the efficieney and durability of th% engine 
arc not affected by high pressures. The sleeve valve is balanced 
against lateral pressure, and Ihe explosion does not affect or shock 
it at any point. The ports arc large, and the action of the motor is 
not affected adversely by their large size. 

Mojit of the time, during which the pressure in the cylinder is 
considerable, the sleeves travel in the same direction as the piston, 
thereby minimizing the power required for moving the sleeves. Fig. 
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81 shows that both sleeves move up with the piston during the win- 
pression stroke, and that the inner sleeve moves down with the 
piston during the power stroke. The outer sleeve, ln)wever, moves in 
opposition to the piston during the power stroke. Mr. Knight states 
that tests made on a six-cylinder 75-horscp<>wer motor showe<l that 2 
horsepower was required for driving the half-speed shaft. 

Lubrication. The early Knight motors dejHMided entirely upon 
splash lubrication for their oiling. The engine shown in Fig. 7S, the 
oiling system of which is shown in Fig. X'2, has a combined splash- 
and prcssure-fecd-lubrication system. Crankshaft bearings, pump- 



Fig. SI. Viilvo Action of Knight Showing Kfli. iu.- I’ort Oiiming 

lot Diflerent I’lMon iViUi.us 

shaft bearings, and the silent chains tlriving the eccentric shafts, are 
fed from the pressure system. Pipin-rs secured t«) tlie hcatls of the 
connecting rotls splash into oil troughs ItK-atetl undrr the connctling 
rods an*(l form a mist of oil which is thrown on to tlur connecting-rod 
and wrist-pin bearings, the pistons, sleeves and sleeve connecting 
rods, and eccentric shaft bearings. The troughs are so arranged that 
they arc raised and lowered as the throttle is opened and closed, 
respectively, so that the higher the s|)ee<l the <le<*per the dippt‘rs on 
the connecting rods splash below the surfa<-e of the oil in the trotighs. 
TTic motor shown in Fig. 79 is lubricatcfl by a pn‘ssurc-feed system. 
The 0OW of oil delivered under pressure is detenuined by a valve 
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which is so connected us to open and close with the throttle. There 
are no oil grooves iit any of the crankshaft l)earings. 

The raotors depending iijum splash lubrication for the sleeves 
have numerous oil holes drille<l in the pistons, so that the splash may 
pass through to the sleeves. All Knight nmtors, as made in this 
country, have oil holes in the sleeves, so that oil may pass from the 
inner to the outer sleeve, and from there to the cylinder wall. This 
is the case whether the lubrication system is sjilash or pressure. 
The sleeves, in every case, have oil grooves cut on the outer surface 


Fi*. 83. Slfcvcs of KIoline-Knixht Motor 
Courtri;/ 0/ ,\t it, lit AulomobiU Company, Eatt Molint, IllinotB 


by which the oil is ilistributetl around the circumference. The btrms 
the inner and outer sleeves, showing the varit>us systems of uil- 
grtHtving, are shown in big. s:’,. 

The oil works In'tweeii the sleeves, between the outer sleeve and 
the cylinder wall, and between the inner sleeve and tin* pisttm, aided 
by the silt'tion in the ports during the inlet stnike. The up[)er end 
of the sleeves, above the ports, are lubricated by the suction on top of 
the sleeves between the cylinder wall and head, due to the downward 
movement of the sleeves during the exhaust and the first part of the 
suction strokes. 

Fig. 84 show's a part sectional view of a Knight motor, having 
one cylinder intact, the next with the cylinder wall cut aw ay to show 
tltf outer sleeve, the third with the outer sleeve cut aw ay show ing the 
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inner, and the last with the inner sleeve out away showing the piston 
and the cylinder head cut on the center line slu)wing its cross section. 

Automobile Motor Rating. The formula f<>r the brake horse- 
power (b.h.p.) of an engine has lieen given in the section on "Ther- 
modynamics''. Several empirical formulas have been devised for 
small high-speed engines, which give fairly accurate result.s if the 
engine under consideration is of the same dimensions, has the same 
shape of combu.stion chamber, ainl op<‘rates under the same condi- 
tions as the engines from which the einpirit al constant s were obtaine<I. 

Four-Cycle formulas: 

Institution of Automobile Engineers (Great Ilritain) formula 


b.h.p = 0.4.'. (7)- I. IS) 


A.I..A.M rating fornnila 


Roberts’ formula 


. , ir x 


b.h.p. = ^ 


IPLNIt 


Royal .\uto Club formula 


IS, 000 


b.h.p. ^ 


(Dj-iyN 

9.92 


In these equations, /) is the piston diameter in inclies; /. is the strohe 
in inches; It is the revolutions |H*r minute; ainl S tlie number of 
cylinders. 

The first of these formulas is intended to give the maximum 
horsepower which can safely be obtained from an engine of given 
cylinder dimensions under the must favorable conditions; the second 
is intended to give the power when the motor is running with a pis- 
ton speed of 1000 feet per minute, a nominal .speed which can be 
exceeded by most motors. The first formula gives the highest results, 
the second the lowest, the third gives results whi( h very ch>s<‘ly 
approxifhate the actual, and the fourth is an average between the 
first and second 

Radng-Boat Formulae, The following formulas for high-speed 
racing-boat engines of the four-cycle type, arc based on KXX) feet 
per minute piston speed. For engines of ordinary de.sign, two-thirds 
of the above values should Ik; taken; 10 per cent should be added to 
the ratings if the charge is forced into the cylinders by any mechan- 
ical device. 




Fif. 85. Scriioii of Two-Cycfo Mnrinc P!niciiic 
CourUsif of Uray Mvtor Comyiny, Detroit, Mirhi3<ttt 

Tu'o~CyrIe Forwiila,^, Tlmr furimilas for two-cyde racing-boat 
engines, the first by l{ol)erts, and the next two by the .\. p! B, A., 
are a.s follows; 


h.p.= 


n^LIi X 

i:b;Vk) 


h.p. 


^ IPS 
*2.10()S 


h.p. 


12.987 
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The preceding formulas by the American Power Boat Associa- 
tion are only for racing-boat engines. For ordinary two-c-ycle bout 
engines, two-thirds of the value resulting from the use of these for- 
mulas should he taken. 

Marine Engines 

Increased Use of Two-Cycle Motors. The principal difference 
between marine and automobile practice i.s in the much more extended 


n 



Fijs. hC. F«*rro Tuo^Cycl® Marine Molor 
Courttiy c;/ f'l rro Miirhiitr iinil Foundry C amfniny, t'lrrrlnnd, Ohio 

use of two-cycle engines for small powers in motor boats. Where 
b ur-cjclp engines are used, they do not dilfcr appreciably from 
8'itomobile engines, except that they are very generally made 
stronger and heavier, and often of larger size and louder sj>eed. The 
use of two-cycle engines is more prevalent in marine practice than in 
stationary practice, because of the fact that the increased power for 
a given weight of a two-cycle motor is of more importance than the 
increased fuel consumption. The motors shown in Figs. 85, 86, and 
87 are most frequently used in pleasure boats. 
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Motor with Hxtra Ports. The motor shown in Fig. 85 has a 
se(‘olKl port controlled hy a valve whkii is valuable for giving good 
1 ‘ontrol at low spi‘ed and which makes for easy starting, and a third 
port which is uncovered near the top of the piston stroke, which 
increases the pressure of the charge in the cylinder and consequently is 



Fi* 87. Vii-w of Cftiilie Portable Motor 

Courtny «/ CdifJir l‘rrJtflion Metor Campany, Detroit, Miehioan 


valuable in increasing the power, particularly at high speeds. The by- 
pass plate in the transfer port carries a device to prevent back-firing 
in the crankcase; it works on the same principle as the miner’s lamp. 

Rowboat, or Portable. Motor. The motor shoam in Fig. 87 is 
a recent development for rowboats. The horizontal flywheel in thb 
type of motor has a gyroscopic effect and aids in steadying the boat. 
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Characteristics of Light Weight and High Reliability. This 
type of motor differs from other high-speed motors in that the weight 


for the power developed 
must be a minimum, w'hile 
the reliability must be a 
maximum. The cost of man- 
ufacture is relatively unim- 
portant, consequently many 
refinements of construction 
are available which could not 



be considered for the other 
high-speed engines, h'or in- 
stance, pistons are finished 
all over, cylinders often ma- 
chined from a bar of solid 
steel, and the connecting 
rods drilled oct to reduce the 
weight as far as possible. In 
addition to this, extremely 
short strokes and a saving 
in crankcase and crankshaft 
weight by so arranging the 
cylinders that the same 
crankshaft and crankcase 
serve two or more rows of 
cylinders and reduce the 
weight to as low as 1.75 
pounds per horsepower. 

Arrangement of Cylin* 
ders. The most usual ar- 
rangements of the cylinders 
are shown in Fig. 88, where 
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Fi«. «9. Curtia, 90-100 II. P. Model O-X Motor 
Cwr<«v of Curtin Motor Compony, UammonJnport, Ntw York 



Hi- 90. OwHiM Sev«a-CyliiKkr Revolving Motor 


' type may have cither the 
cylinders stationary and the 
crankshaft revolving, or the 
crankshaft stationary and the 
cylinders revolving. In the 
latter ease a heavy flj'wheel 
effect is obtained without the 
use of a flywheel. The best- 
known example of this type is 
the (inoine motor, shown in 
Fig. 90, a motor which has 
probably been more widely 
used for aviation work than 
any other. The rapid rota- 
tion of the cylinders and the use 
of fins on their outsides makes 
adequate air-cooling easy. 
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LOW-PRESSURE OIL ENGINES 

Characteristics. The field for the use of tlic oil engine is very 
extended. It is the most compact of the heat engines, rwiiiiring 
nothing equivalent to boiler or gas generator, and consequently is 
inherently tlie most suitable for purposes of transportation. Its 
extensive adoption in stationary plants is being followed by its appli- 
cation to locomotives and to large vessels. The absence of boiler and 
of gas-generator losses makes it both potentially and actually the 
most effi< icnt of all heat engines. 

Oil engines in which the fiu*l is gasified in external vaj^orizers 
do not <lifTcr from gas engines as far as the engine itself is concerned. 



FiR. 01. Ix>iieitu<iinal Section of HortiMhy-Akrov«| Oil I-^riRinf! 
Courlfiy of De hi Viri/tiC Marhine Comjnny, A>u) York Citjf 


Any gas engine may be fitted with an external vaixfrizcr if the com- 
pression is not so high as to pre-ignite the charge, (^on.sccjuently, only 
those engines in which the fuel is vaporized within the cylinder will 
be here described. 

De La Vergne Type H. A. Oil Engines. Figs. 91 and 92 show 
longitudinal and transverse sections, respectively, of this engine. 

Vaporizing Apparatus. The vaporizer in this engine has been 
schematically shown in Fig. 37a and described on page 8.3. The 
vaporizer consists of two parts— the vaporizer jacket aiul the vapor- 
iser cap. The vaporizer jacket is bolted to the cylinder head and 
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connects with the cylinder through a narrow passage; the vaporizer 
cap consists of an unjacketed gun-iron thimble, heavily ribbed on the 
inside to increase its surface, and 
is bolted to the vaporizer jacket. 
The fuel is generally stored in a 
tank outside the powerhouse, from 
which it is raised by a small rotary 
pump, driven by the engine, to a 
standpipe lo<‘ated near the engine 
base. The pump keeps the stand- 
pipe filled, and an overflow pipe car- 
ries the surplus back to the reser- 
voir. The oil is withdrawn from 
the standpipe by the oil pump 
shown in the transverse section, 
iiijcctcd iiito the vapor- 
Cewt^ of D* 1 ^ Virgnt MncKint hcT during the suction stroke. 

Company, Ntw York City ® , , . . , 

Ihc pump IS actuated by the inlet- 

valve lever, so that the 
two operations are simul* 
taneous. 

Regulation. The reg- 
ulation is secured by 
varying the amount of 
oil injected in proportion 
to the load. The gov- 
ernor lever controls the 
double by-pass valve 
shown in section in Fig. 

03, and separates the oil 
handled by the pump 
into two parts, one of - 
which enters the vapor- 
tier, while the other 
flows back to the reser- 
voir— the returning oil 
may be seen through the 
(He gl«. in the «t«rn 
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pipe. When operating under ordinary coiulitinns of load, the gov- 
ernor opens only the small inside valve. If the engine should tend 
to speed up, both the small inside valve and the large concentric 
outer valve will be opened and all of the oil will he by-passed and 
none of it will be injected. This arrangement prevents any pos- 
sibility of tlie engine running away. 

These engines operate successfully o?i kerosene, any of the crude 
oils produced in the Eastern and Middle States, or nearly all of the 
distillates and residual fuel oils 21® Baiime or lighter. 

t The abrupt contraction of the vaporizer neck prevents any 
carbon which may be deposited in the vaporizer from getting i?jto the 
cylinder. The construction of the vaporizer cap p<‘rmits of easy 
removal and cleaning, whi<*h shouM he done at intervals of approxi- 
mately a week, depending upon the quality of the f>iel and the 
load carried. 

Mie (4 and Weiss Two-Cycle Type. Another low-pressure oil 
engine of a slightly <lifTerent type is shown in I'ig. 58 and described 
on page 85. As this is a two-cycle engine, air is taken into the 
closed crankcase from the interior of the base through the suction 
port when that is uncovered by the piston, near the eiid of the com- 
pression stroke. The air enters the cylinder (after slight pre- 
compression in the crankcase) through the air port in the way usual 
with two-cycle engines. It carries with it whatever steam has been 
formed in the jacket, the steam coming from the chamber E through 
the pipe F to the transfer port. The water level in the jacket is kept 
constant by a float. The exhaust oc< urs through the port G at the 
same time as the admission of the charge through the transfer port, 
the deflector plate on the piston preventing the charge from blowing 
directly across the cylinder and out of the exhaust port. The oil'is 
injected during the compression stroke onto the projecting lip of the 
hot bulb C, in.stead of into it, as in the engine previously described. 

Mietz and Weiss Three-Cylinder Engine. Fig. 94 gives a 
section of a three-cylinder vertical engine of this ty pe. The oil 
distribution to the cylinders is obtained as follows : The oil pump is 
driven from a shaft which runs as many times faster than the crank- 
shaft as there are cylinders, and is so set that each down stroke of the 
plunger coincides with the upstroke of each piston in turn. Tlic oil 
is delivered from the pump to a distributor, which runs at the same 
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speed as the engine shaft. This distributor consists of a disk with one 
port, through which the oil passes on its way from the pump to the 
cylinders, and a ease wliich has as many outlets for oil pipes as there 
are cylinders. The distributor disk is so set that it uncovers in turn 
the oil outlet to the cylinder whose piston is on the upstroke while 
the pump plunger is on its down stroke. 

Crossley Oil Engine. An English oil engine with internal 
vaporizer is sh<iwn in Fig. 95 and a cross section through the combus- 
tion chamber and vaporizer is given in Fig. 96. The vaporizer con- 
sists of a loose cover secured 
in place by a circular ring. It 
is fitted with an ignition tube, 
by the aid of which the start- 
ing of the engine can be 
effeeted in about five minutes. 
The oil sprayer is fitted in a 
water-cooled portion of the 
breech end, opposite to the 
vaporizer. The fuel is injected 
at alM)ut the end of the com- 
pression stroke in the form of 
finely divided spray. Part of 
this passes through the hot 
compressed air in the com- 
bustion chamber and impinges 
on the vaporizer. Ignition 
takes place as the »rank passes 
the inner center, and the piston is then driven out on the power 
stroke. 

Oil Pump. The oil pump, Fig. 97, consists of a bror^ze body 
with steel valves and fittings. It is worked by means of a steel lever, 
which, in turn, is operated by means of a cam on the side shaft. The 
pump, pump lever, and cam work in an oil bath to ensure thorough 
lubrication and quiet action. 

Governing. The governing of the engine, Fig. 97, is effected 
by means of a system which varies the time at which a control valve 
is opened, and through which any oil not required returns to the 
suction side of the oil pump. The cohtrol valve is opened by a wedge 
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being interposed between the 
end of the control-valve spin- 
dle and an- arm on the oil- 
pump lever. The wedge is 
raised or lowered by a cen- 
trifugal governor, and the 
time when the control valve 
is opened depends on the 
position of the wedge, the lat- 
ter in turn depending on the 
speed of the engine. An im- 
pulse takes place on each 
cycle, and the power of the 
impulse is graduated accord- 
ing to the 'Speed and the load 
on the engine. 

The important feature 
of this gear is that the oil 
pump, which has a constant 
length of stroke, always be- 
gins to deliver the oil through 
the oil sprayer at the same time 
and at the same speed, and there- 
fore the spraying is equally effi- 
cient at all loads. Also, the actual 
governing effect takes place at 
the moment the oil fuel is being 



Fig. 97. Oil Pump anri novfrQiag Gear ot 
CroHity CogiDe 



full Lead 


injected and burned. 

When working on lighter 
loads, the wedge comes into ac- 
tion sooner, with the result that 
soon after the pump begins to de- 
liver oil the control valve opens, 
the injection of oil through the 
sprayer suddenly ceases, and the 
pump delivers the remainder of the 
oil through the control valve back 
to the suction side of the pump. 
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Indicator Cards. Fig. 98 shows indicator cards obtained from 
this engine. The method of governing give^good’efficiency, not only 
at the maximum load, but also at reduced loads. In a recent test the 
oil consumption per brake horsepower per hour did not vary more 
than 5 per cent above .44 pound (.38 pint or 200 grammes) from 
maximum load to half-load. 

An oil heater is used with the more viscous oils for the purpose 
of heating the oil sufficiently to make it flow easily through the pipes 
and pump. The heater is secured to and heated by the exhaust pipe. 

DIESEL OIL ENGINES 

l)ie.sel engines, with the exception of the fuel atomizers, oil 
pumps, and injection air compressors, arc similar to gas engines in 
details of construction, except that they are built heavier to with- 
stand the higher pressures obtaining with this cycle. The Diesel 
cycle can be carried out cither in four strokes or in two strokes. 

STATIONARY DIESEL ENGINES 

Four-Cycle Type. Busch^Svlzer Engine. In the engine shown 
in Fig. 99, the valves are locateil, one over the other, in a valve 
chamber to the side of the cylinder. The shape of the clearance space 
resulting from this location of the valves, together with a flat piston 
and cylinder head. Is not as favorable to the best combustion results 
as a spherical shape would be. The atomizer is horizontal and is 
shown in Fig. 39, and described on page 88. The high-pressure- 
injection air is furnishe<l by a separate two- or three-stage compres.sor, 
l)elt-driven from the engine shaft or motor-driven as desired. The 
engine is air-started by means of a special starting valve. 

Fulton-Tosi Engine. The engine shown in part in Fig. 1(X) has 
an “A” frame, which forms not only the frame but also the cylinder 
jacket. The cylinder wall is formed by a liner set into the top of the 
frame, thus making it possible to use two grades of iron especially 
suitable for the purposes to which they are put— a soft iron for the 
frame, to insure a good casting; and a hard, close-grained iron for the 
liner, to withstand the wear. This construction also makes it possible 
to replace the cylinder wearing-surface without scrapping a whole 
cylinder, and also permits of longitudinal expansion of the liner to 
correspond to the unequal heating of the jacket wall and cylinder 
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liner. Both the exhaust and inlet valves are located in the cylinder 
head. With this construction the head can be dished and, together 
with a dished piston head, forms a combustion chamber which is 
nearly spherical in shape. The atomizer, Fig. 40, is located in a ver- 
tical position in the center of the head; this, with the spherical-shaped 
combustion chamber, tends to promote the most efficient combustion. 



Fi*. 99. SectioD»l View of • Diew' Oil Enfine 
•Cevff«»y of Buoch-Suttrr Brotheri-Difft Bn«inf Compani,, St. 


The fuel- valve lever is mounted on an eccentric pin ; by rotating this pin 
to various positions, the lead and length of opening of the fuel valve 
may be varied while the engine is in operation to secure quiet and eco- 
nomical operation at various lodds. Each cylinder is provided with an 
air-operated starting valve to which air is admitted by a rotary dis- 
tributor driven by the camshaft. In the larger sizes, the heads of the 
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pistons are water-cooled— the water being admitted and discharged 
from this jacket by telescope tubes, as shown in Fig. 100. The cylinder 
IS oiled by a force feed pump delivering oil at four points around the 
bore, the timing of the discharge and the level of the points of intro- 



flc too Fultou-Toai Oieiiel Engine, Showing CooKng-Wntcr Amageoieoi M 
Applied to PiKion o( Large Eogfnee 
Cewfreir «•/ ^wltee Iron Wvrkt, St. Louit, Miu0¥ri 


duction being such that the oil is forced in between the packing rings 
as the piston approaches the lower end of the stroke. Two-stage 
cmnpressors are used on the smaller sizes of engines and three-stage 
on the larger. An inter-cooler between the stages and an aftei^cooler 
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for the discharge from the high-pressure stage are provided. The low- 
pressure intake valve is governor-regulated so that only the amount 
of air c.'illed for by the load is compressed, thus relieving the com- 
pression of extra work. 

Srww Engine. The engine shown in longitudinal sectional view in 
Fig. 101 is a horizontal single-acting four-cycle Diesel engine. Thp 
jacket walls of the cylinder are forrnetl by the end of the frame casting, 
and the cylinder wall is formed by a removable liner placed within 
this casting. Guides for a crosshead are provided in the frame so 
that the cylinder liner is relieved of the wear due to the thrust of the 
connecting rod. 



Fi|. 101. Ixintritudioal Section of Snow Four-Cyrie Oil Knitine 
CouHny of Snoui Steam Pump Worke, Bufalo, New York 


Two-Cycle Type. The fact that air, only, is admitted and com- 
pressed in a Diesel engine makes it peculiarly adaptable to modifica- 
tion to the two-cycle principle without loss of efficiency. In the Otto 
two-cycle engine, scavenging is obtained in one of two ways, either 
one of which leads to a loss of thermal efficiency. In one, the scav- 
enging is obtained by means of the fresh mixture, in which case the 
scavenging is either incomplete, leading to loss of efficiency because 
of the pre.sence of the unexpelled exhaust gases in the fresh mixture, 
or it is complete, with the result that some of the mixture is lost out 
of the exhaust port, as it is practically impossible to close the exhaust 
at exactly the right instant. The other means of scavenging is to 
force the exhaust gases out by a blast of scavenging air before the 
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admission of the mixture; this leads to inefficiency, since it destroys 
the proper mixture proportions. 

In the Diesel engine, however, since tlie charge is air alone, the 
scavenging can be complete without the loss of anything but air to 
the exhaust. The combustion is, therefore, as complete as in a four- 
cycle Diesel engine and no fuel is lost to the exhaust. Since the power 
of a Diesel two-cycle engine is nearly twice the power obtainable 
from a four-cycle engine of the same dimensions — the power neces- 
sary to drive the scavenging pump being the only additional loss — 
the two-cycle engine is particularly well adapted for use in marine 
work, where weight and space per unit of power must be saved, or 
for large stationary engines in cities, where saving of space is of 
importance. 

In all two-cycle Diesel engines, as at present constructed, the 
exhaust ports, locat^xl in the cylinder wall near the bottom of the 
piston stroke, are uncovered by the piston. This leads to a simpli- 
fication and saving of weight in the valve gear. 

MARINE DIESEL ENGINES 

Both four- and two-cycle engines are used for marine service, 
the two-cycle seemingly being the better suited to the service because 
of the greater power per unit weight and because of the fact that such 
an engine is reversible, while a four-cycle engine must have a reversing 
gear. The principal difference between stationary and marine four- 
cycle engines is that the marine engines have enclosed box frames 
which are continuous throughout the length of the engine, instead of 
“A” frames, as is the more common practice in stationary engines. 

Two-Cycle Type. Carda-Diesel Engine. The engine shown in 
Fig. 102 is a four-cylinder reversible two-cycle marine engine pro- 
vided with crossheads instead of trunk pistons. The bedplate, 
narrow "A” frames, and the method of carrying the cylinders are in 
accordance with marine steam-engine practice. The cylinder liner 
is a separate casting pressed Lito the cylinder casting, with the exhaust 
ports cored out so that water from the cylinder jacket can circulate 
through and keep them cool, as in the half-sectional view. The 
exhaust chamber, in back of the cylinder-liner exhaust ports, b 
entirely contained in the cylinder jacket. At the bottom of the liner 
b a lantern ring. Fig. 103, communicating with a passage which 
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Fig. 102. 1300 l.U.P. Carcb Two-Cycl« Dletel Eogine of .Single-Srrew Motor Ship "Eavtitont'* 
CouFtofv «/ "Tht Bngiimr", Lvndvn, Bngtand 


vit, the fuel-injection valve, starting-air valve, safety valve, and four 
scavenging or inlet valves. The cylinder head is dished upwards and 
forms, with the dished piston head, a favorable combustion space. 
The atomizer is similar to that shown in Fig. 40. 
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The piston, Fig. 103, is in two parts, tlie upper part being 
water-jacketed, aiul tlie lower portion being an internally ribbed 
shroud, merely to cover the exhaust ports 
and retain the lantern rings in place at 
the end of the engine stroke. The piston 
is carried by a piston rod provided at its 
lower end with a cro.sshead .sliding on two 
guides, one on cither side of the frame. 

The piston jacket water is admitted and 
discharged from the jacket through the ^ 
piston rod by nu'ans of swing-joint pipes. 

The injection air-compressor of the 
Carels engine is a four-cylinder, three- 


pif - * 



Pif 103. Section of Carrl!».Die«d Encine Cylinder 
Ceurtrry o/ "Enginttrinf’', London, England 


t04« Fuel Injection Vnlv* of 
Cnrtb Marine Two-Cycle 
Dieeci Eniioe 

trig of "Snginetring", London, 
England 


stage compressor and is driven from the fon^ard end of the main 
crankshaft by an overhung pin. The scavenging pumps are driven 
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hy links and walking beams from the crossheads of the second atid 
third cylinders, the valves l)eing actuattH) by eccentrics on tlje main 
crankshaft. Air for these pumps is drawn in through silencers to 
reiluc'c the noise in the engiiu? room. In each elbow, leading from 
the CNhaust chaml»cr around eech cylinder to the exhaust header, a 
sprinkler is located, to extract the heat from the exhaust gases. 

The fuel-inj<‘ction valve is novel in design, iti that reciprocating 
motion through a packed gland is replaced by rotathig motion to 
avoid .sticking. This is accomplished by entirely iiu losing the injec- 
tion-valve stem and actuating spindle and pa(‘king the oscillating 
actuating spindle at either end, thus removing the necessity for 
paiking the inji'ction-valve stem. Fig. 1()4 shows a vertical cross 
section of the injection valve and atomizer casing. The injection 
valve is of tlie pressure-balanced type— balanced by the injcction- 



Fig lOj. Bfco Oil-Duroiog Two-Cycle Diesel Engine 
Courtisy <>/ Tht Drown E'lttnt Company, FtUhburg, Mauachuitlto 

air pressure — and thus neeils only a light spring to return it to its 
seat. The fuel-injection valve lever rotates the spindle, to which is 
keyed the actuator II which raises ihc valve and admits the fuel and 
the injection air to the cylinder. The injection-air inlet is at K, 
and that for the fuel at L. 

Reversing is accomplished by the use of two seta of cams — ahead 
and astern— for each of the fuel-injection and starting-air valve 
levers and by rotating the camshaft through 32 degrees w’ith respect 
to its angular relationship to the crankshaft — thereby reversing the 
opening of the scavenging air valves. 

The Diesel motor is coming into use as the auxiliary for sailing 
ships of the largest size as well as for straight power ships. The 
leading dimensions of the motor ships launched during 1913 are given 
in Table XIII. 

Beco-Diesel Engine. The engine shown in Fig. 105 is a single* 


TABLE Xill 

DieseUMotor Ships of 1913 
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cylinder, horizontal, double-acting, two-cycle type of engine— the 
only valves being the fuel-injection and air-starting valves at each end 
of the cylinder. These valves are operated by the lay shaft which 



runs alongside the engine, supported in bracket bearings. The water- 
cooled piston is supported by a main- and tail-guide crosshead so that 
it does not wear on the bottom of the cylinder. To the tAil.iniide 


170 


GAS AND OIL ENGINES 


head is attached a vertical walking l)cam which drives the scavenging 
and injection-air compressors, located usually on the floor below the 
engine. The air charge is admitted and the exhaust gases driven out 
through ports in the cylinder liner, which are uncovered by the piston 
in exactly the same manner as is the case in a two-[K)rt two-cycle 
gasoline engine. 

De La I'ergne Modified Diesel Enfihie. Tlie engine, Figs. 100 
and 107, is a combination of the Diesel principle with the hot bulb 
arrangement. The engine operates on the four-stroke cycle and 



Fi*. 107. Transvcriw a4*oiion of Dc I.s Vergne Oil Rnitino, Type ‘I'H" 

Couritf!/ of Dt Jm IVrgrie Mochinr Company, AVir York City 

compresses the air to 2.)0 to 300 pounds instead of 500 pounds as in 
the Diesel engine. The tennierature thus obtained would not be 
high enough to ignite the fuel; recourse is therefore taken to a hot 
bulb, the air in which, owing to the heat radiated from its uncooled 
walls, attains a higher temperature than that contained in the com- 
bustion chamber. At the end of the compression stroke the fuel is 
injected by means of an air blast of about 600 pounds pressure from 
the injection nozzle— shown in Fig. 41 and described on page 80— 
across the combustion chamber int6 the hot bulb, where it is immedi- 


GAS AND OIL ENGINES 


171 


ately ignited. Owing to the comparatively long distance the fuel 
spray has to travel after it leaves the nozzle until it is ignited in the hot 
bulb, ignition first protluces a considerable pressure increase (com- 
bustion at constant volume), which is followed by combustion at 
approximately cotistant pressure. This is shown on the two 
indicator cards, Fig. 108, where it will be noticed that the maxi- 
mum pressures arc very nearly .5(X) pounds, i.e., about the same as in 
the Diesel engine. As far as strains in the engine are concerned there 

is, tlicr(‘forc, not much 
difference between these 
two tyiH's. It must be 
remembered, however, 
that in the Diesel engine 
this high pressure must 
l>e obtained at the end 
the compression stroke 
in order to s<*cure igni- 
lioii, while in the Dc I.a 




Vergne engine, ignition is 
certain at about half that 
pressure. 

The details of me- 
chanical design arc very 
similar to Type “HA” 
engine shown in Figs. 91, 
92, and 93 and described 


Fig. 108. Typical Indicator Cards Taken from Typ« t>n pagCS 1.53 tO 155. 

*‘FH" Engine . . 

CouHt*y of Dt Ia Vtrgnt Machine Company, 1 OC VapOriZCrS in thC tWO 

Aev York CUy . i • -i 

engines may be similar, 


the only difference being that in Type “FH” it is located in the side 
of the c>4inder head opposite the injection valve instead of in the end 
of the cylinder head. The inlet and exhaust valves are located in 


the cylinder head, one over the other, and are actuated by cams and 
levers. The injection-air system on this engine is that described on 


page 174, the high-pressure stage of the compressor handling only 
the amount of air necessary at that moment for injection. The 


two-stage compressor is mounted on the side of tlie engine frame 
and b driven by an eccentric on the crankshaft. 
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The governor, on this type of engine, besides regulating the 
amount of the air charge admitted to the high-pressure stage of the 
compressor, also regulates the amount of oil injected by varying the 
stroke of the oil pump to suit load conditions. The method of 
obtaining this effect is shown in the transverse section, Fig. 107. An 
eccentric, mounted on the end of the lay shaft, has a link pinned at one 
end to the eccentric strap and pivoted to the bracket bearing at the 
other. Between this link and the bell-orank lever, the long arm of 
which is parallel to the link, is a roller, the position of which is regu- 
lated by the governor. As the engine speeds up, the govjcrnor rises, 
pulla the roller up with it, and reduces the amount of motion trans- 
mitted through the roller by the link to the bcll-crank lever, until, 
when the governor is at the top of its travel, no motion is transmitted. 
The short arm of the bell-crank lever is attached to the oil-pump 
plunger and forces it on its down stroke, the return stroke being made 
under the action of a coil spring acting on the plunger 

DIESEL Fl'EL-OIL PUMPS 

Characteristics of Pump System. In the Diesel engines, with 
closed-nozzle injection, the space into which the oil is delivered is 
always in communication with the injection air at a pressure of from 
750 to 1000 pounds, so that the oil must be delivered against this 
high pressure. The quantity of oil to be delivered is small, especially 
in the case of the original Diesel engine where there was a separate 
pump for each cylinder. Since the work of the fuel-oil pump is in no 
direct relation to the cycle of events in the cylinder, it is possible to 
use but one pump for all the cylinders in a multicylinder engine. 
The pump delivers the oil into a distributor where, by means of a 
aeries of check valves and restricted passages which artificially 
increase the resistance to flow, it is equally divided into as many 
streams as there arc cylinders. * 

Type of Plunger. Positively operated plungers (operated by an 
eccentric) are generally preferred to those operated by a cam. In the 
latter, the stroke is varied according to the load by letting the gov- 
ernor shift a wedge block in between the cam and the plunger. In the 
former, the displacement of the plunger is constant and larger than 
that required for the maximum charge of ^uel oil; the excess oil is 
discharged through the suction valvCi the opening and closing of 
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which b detennined by the position of the governor. This valve and 
also the mechanism for its operation arc constructive elements which 
require the utmost care in design as well as workmanship, as the 
accuracy of fuel-oil delivery depends, primarily, upon their proper 
action. Frictional resistance of the valve, which is likely to prevent 
its prompt closing, is especially important and must be reduced to a 
minimum. It is therefore not advisable to have the valve stem pass 
through a stuffing box. The best practice at present is to use a 
positively operated plunger for the operation of the inlet valve, this 
plunger passing through the stuffing box and thus practically elim- 
inating friction as far as the valve is concerned. 

In the case of the open nozzle, the fact that the oil is delivered at 
the start of the compression stroke against the low pressure then 
existing in the working cylinder makes the oil pump a comparatively 
simple piece of apparatus. 

INJECTION AIR SUPPLY 

Use of Two- or Three-Stage Compressor. In all the various 
types of modern oil engines the apparatus required to obtain the high- 
pressure injection air forms a comparatively complicated, and there- 
fore expensive, accessory. A two- or three-stage compressor must be 
provided, in which the suction valve, on cither the low- or high- 
pressure stage, must be fitted with a governor-regulated adjusting 
device to vary the amount of air drawn in, according to the oil 
charge. Intercoolers between the stages and an after-cooler after 
the high-pressure stage must be provided to keep the air cool enough 
to prevent pre-ignition in the injection nozzle. 

Storage Tanks. In most engines there is provided a tank or 
tanks for the storage of the injection air, and this tank must be 
fitted with three valves; one to close it off toward the engine and 
one toward the compressor, and one safety valve. In one of the 
modified Diesel engines, the low-pressure stage of the compressor 
discharges into storage tanks from which the high-pressure stage 
draws its air, the amount being regulated by a governor-operated 
valve to suit the varying charges of oil at each injection. The high- 
pressure air b discharged directly into the injection-valve cage, 
without the use of an intermediary storage tank. This system has the 
advantage that the air b stored at low pressure, from 125 to 150 
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pounds instead of 7.50 to 1000 pounds, which results in liglitcr tanks 
that, with the connecting piping, are more easily kept tight. On the 
other hand, it is necessary that the high-pressure stage of tlie com- 
pressor should be reliable. 

IGNITION SYSTEMS 

Ignition Requirements. For satisfactory action of the engine, 
the ignition of the explosive mixture must be certain, and must occur 
at a definite, predetermined 
time. In timing the ignition, it 
has to be recognized that the 
cxi)lo.si<)n is not instantaneous, 
but requires a not inconsider- 
able period of time to arrive at 
the maximum pressure. The 
actual dutation of the e.xplosion 
ilepcnds on the strength of the 
explosive mixture and on the 
amount of compression to which 
it is subjected. The ignition 
should have /cod— that is, should 
begin before the end of the re- 
turn or compression stroke, so 
that the maximum pressure is 
reached when the crank has just passed the dead center. The amount 
of lead varies with the speed, strength of mixture, and other condi- 
tions, The indicator card a. Fig. 1()9, is the correct diagram with 
properly timed ignition. If 
the ignition is later than this, 
indicator cards similar to b or 
c will be obtained, and the en- 
gine will do less work and be 
Ic.ss efficient. If the ignition is 
too early, the maximum pres- 
sure will be obtained. Fig. 110, 

before the crank has reached its dead center, and will tend to reverse 
the engine. This causes great shock to the engine, its rapid deteriora- 
tion, and lowered efficiency. The immediate external evidence of top 




Fi«. UK». Indicator Card,, with ^■(»rioU»ly 
Timed Ignition 
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the engine. This causes great shock to the engine, its rapid deteriora- 
tion, and lowered efficiency. The immediate external evidence of too 
early ignition is a violent pounding noise in the engine. Two 
methods of ignition are in common use in engines using the Otto 
cycle. The first is by exploding the mixture by contact with a surface 
hot enough to cause ignition; the second is by means of an electric arc. 


HOT-TUBE IGNITION 

Method of Operation. A hot tube was tbc common device when 
the first mctluxl of ignition was used; this mctliod has fallen into 

disuse in this country with 
improvement in electric 
ignition; in England, how- 
ever, this method is still 
used occasion.ally on en- 
gines using illuminating 
gas. The tube Fig. Ill, 
is closed at the upper end, 
and communicates at its 
lower end through the port 
li with the cylinder A. It 
is heated by an external 
flame from the Bunsen 
burner C, and is maintained 
at a full red heat. The 
chimney aroiind the tube 
is lined with asbestos, and 
keeps the flame in good 
contact with the tube. During the admission stroke the tube is filled 
with products of combustion at atmospheric pressure remaiying from 
the previous explosion. As compre.ssion goes on, the nonexplosive 
products of combustion are crowded into the upper part of the tube, 
while part of the explosive mixture in the cylinder is compressed 
into the lower part of the tube. The length of the tube and the 
position of the flame are adjusted by experiment, so that th^ explosive 
charge will just reach the hot portion of the tube and be ignited at 
the moment when ignition is desired. Shortening the tube makes the 
ignition come later. With this device the actual time of ignition is not 



Fig. 111. HoCTuhe Igniter 
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very definite. It depends on the temperature of the tube, the position 
of the Bunsen flame, the strength of the mixture, and the amount of 
compression. As these last ■ 1 1 im 

two quantities are pur- ' ■■ I 

posely varied by the gov- I I 

ernor in some engines, ir- I 

regular timing would result P I If N 

from its use in such cases. 8 f| IM 

Use of Timing Valve. ^ l| jj I I 

The irregularity of timing ^ l| ll P 

with the hot-tube igniter ■■11 

can be partly remedied by 
the use of a timing valve. 

The timing valve B, Fig. 

112, is held on its seat by j ^ 

a spiral spH ng Z) until igni- ^ (m 

tion is desired, when, by a fl 
mo vement of the bell-crank ^ 

» r. .1 I F^. 112. Hot'Tube Igniter with Timing Valvd 

lever £, the valve opens 

and the compressed charge in the cylinder A gets access to the hot 
tube C. The valve B is kept open until the end of the exhaust stroke. 
The tubes are preferably made of nickel alloy or of porcelain, but 
^ the latter is very brittle and apt to break when 
* being fa-^^tened in place. Iron tubes are used 
soinetime.s, but they burn out rapidly and are 
unreliable. 

ELECTRIC IQNITION 

Even when provided with a timing valve, 
the hot tube does not give very .satisfactory igni- 
tion; and, moreover, some time is consumed in 
heating the tube before the engine can be started. 
Accurate timing can be obtained best by electric 


P«. 113. Spark Coil means, and clectric ignition is Consequently uscd 

^**‘**^ Method. The method is to make a spark 

pass, at the instant when ignition is desired, between two terminals 
situated in the clearance space of the engine. The most common way 
of forming the spark is to separate two contact points through which a 
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current has been flowing. An electric arc will then pass between the 
separating contact points. In order to insure that the temperature of 
the arc is high enough and its duration sufficient to ignite the explo> 
sive mixture through which it passes, a spark coil, or choking coil, is 
generally inserted in the circuit. A spark coil, Fig. 113, consists merely 
of a bundle of soft-iron wires, surrounded by a coil of insulated cop- 
per wire through which the current passes. The contact points of 
the igniter must be brought together to re-establish the current before 
another spark can be obtained. A device of this nature is known 
as a make-aiid-break igniter; and when the contact points do not slide 
across each other, it is called a hammer-break contact. 

Behavior of Current When Contact Is Broken. The action of the 
electric current when the circuit is broken is analogous to a stream of 
water w'hose flow is abruptly dammed. The flow cannot be stopped 
instantaneously, since the stream has a certain amount of kinetic 
energy due to the weight of the water flowing and the velocity of 
flow, and this causes it to attempt to overcome the stoppage. This 
kinetic energy cannot disappear and be lost and is, therefore, changed 
to pressure, which tends to blow out the dam. If this stoppage occurs 
in a very long pipe line the weight of water flowing will be greater 
than in a shorter line, in proportion to the relative lengths of the lines; 
therefore, the flow of a greater weight of water mu.st be stopped and. 
consequently, the resulting pressure against the dam w’ill be higher. 

When the electric current is dammed by the contact being 
broken, it also tries to keep on flowing, the pressure builds up, and if 
the volume and length of stream flowing is sufficient to build up 
pressure enough, the current jumps, or arcs, across the gap. If the 
length of current flowing is increased by putting a choking coil in 
the circuit, the pressure resulting from the break is increased, as in 
the case of the longer water line, and will insure the current arcing 
across the gap, thus making the ignition certain. The choking coils 
usually used for ignition purposes produce an instantaneous pressure 
in the circuit, following the break, of about 5000 volts. 

Make-and-Bre«k Ignition 

Ordinary Types. One of the common forms of hammer-break 
igniter is illustrated in Fig. 114, which shows an igniter plug removed 
from the cylinder head. The movable electrode 6 is at the end of aa 
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arm fastened to the spindle c. When the interrupter lever d, which 
is loose on the spindle c and is connected to it through a coil spring, is 
lifted by an arm from the camshaft of the engine, it rotates the spindle 
c so as to bring 6 into hard 
contact with the stationary 
and thoroughly insulated 
electrode o. This completes 
a circuit and permits a cur- 
rent to flow from a to b. 

When ignition is desired, 
the lever d is tripped and 
flies back, carrying with it 
the spindle c, abruptly 
breaking the contact and 
causing an electric arc to 
form lietwt en a and h. The 
contact points are generally 
made of platinum, as this does not oxidize or corrode; but other 
metals are also used. The passage of the spark takes minute particles 
of the material from one terminal and deposits them on the other, 



the action following the direction of the current. By reversing the 
current, the material is returned to the terminal from which it was 
taken, thus increasing the durability of the contact points. 



Fig. 114. Uainm^r-BiTak iKnitrr Plug Romoved 
fnim Cylinder Head 

CourttBV of Otto Ga$ Enoint Work*, Philadrlphia, 
Pmntyltania 
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An English form of igniter plug is shown in Fig. 115. 

Break, A make-and-break contact is sometimes obtained 
by sliding one contact point over the other until it slides off com- 
pletely. This is known as a “wipe” break. The method insures a 
good contact, produces a very hot spark, keeps the contact points 
clean, but wears them out quite rapidly. Provision must be made for 
adjustment, otherwise the timing will alter with the wear of the 
points. The rubbing surfaces can be of steel. 



FW- no. Foot Revolving Wipe^^nUct Electric Igniter 


An example of tlie wipe-contact igniter is shown in Fig. 116. 
The stationary electrode B is a flat steel spring; the moving electrode 
A, which is rotated by the igniter rod, comes in contact with B once 
per revolution, thus establishing the circuit, presses B down, and 
finally trips it. The abrupt breaking of the circuit causes a good 
spark to pass between the electrodes. The igniter is placed immedi- 
ately over the inlet valve E, The thumbscrew C on the igniter rod 
permits the adjustment of the time of the ignition. 

Hammer Break. The igniter gear of an engine with hammer 
break ignition is shown in Fig. 117. The igniter rod/, which is sufH 
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ported on the reel h, receives a reciprocating motion from a crank 
g at the end of the side shaft. During the exhaust or admission 
stroke, the end of the rod / comes in contact with the interrupter 
lever d, as may be seen by comparison with Fig. 1 14, and establishes 
the contact of the electrodes. The vertical component of the move- 
ment of the end of the rod/ sets free the lever d at the moment when 
ignition is desired. 

The make-and-break igniters so far shown are used principally 
on small and 'medium-power engines. The electrical contact is 
generally made between pins carried in the stationary and movable 
electrodes. These pins, if the engine is small enough, are made of 
platinum. Platinum is expensive 
to replace, especially if the en- 
gine is large, thus calling for 
large points and, therefore, steel 
pins are used, which give very 
nearly os gocxl ignition as plati- 
num points. 

Igniters for Large Engines. 

Ordinary Type. The design of 
igniter plugs for large engines 
differs only in details from that 
shown in Fig. 1 14. For instance, 
instead of insulating only the 
sutionary electrode, both the 
Stationary and movable elec- 
trodes are thoroughly insulated in order to reduce to a minimum the 
chances for a shutdown due to a short circuit. With only one elec- 
trode insulated, if that becomes grounded or short-circuited^ the 
igniter is out of commission; whereas, with both electrodes insulated, 
they musf both be grounded before the igniter will be put out of use. 
Another pointof difference between igniters for large and small engines 
is that for large engines the electrodes have no points or pins. The 
movable electrode head, or hammer, is made of cast iron and the 
stationary electrode, or anvil, of low'-carbon steel. With these elec- 
trodes the oxidization caused by the electric arc together with that 
caused by the heat of combustion are small and, therefore, the 
igniters can be run for long periods without cleaning of the contacts. 
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With the make-and-break igniters so far described, it is necessary 
to have a separate tripping device driven from the lay shaft for each 
igniter. In a large double-acting engine, with two igniters at each end 
of the cylinder, this means that four separate tripping devices are 
required on each cylinder, resulting in complication and considerable 
noise. 

Magnetic Make-and- Break Type. It is possible, practically, to 
eliminate the complication and the noise by substituting for the 
mechanical make-and-break device an electrically actuated make- 
and-break apparatus. Such a piece of apparatus is called a magnetic 
plug: it must always be used in series with a distributor or timer 
which sends current to it at the instant when a spark is desired. 

In P'ig. 118 are shown, to the left, the electromagnetic device, 
and to the right, the outside, of a make-and-break plug similar to 

that shown in Fig. 114. 
On passing current 
through the electromag- 
net, the armature, which 
is one arm of a bell-crank 
lever, is attracted to the 
magnet, and the other 
arm of the bell-crank 
lever strikes the moving 
electrode. The electro- 
magnet is used in series 
T^ith one of the elec- 
trodes. The circuit is re-established by the action of gravity. 

A diagram of the \^iring from any suitable source of electricity 
to four magnetic igniters is given in Fig. 119. The simultaneous 
adjustment of the timing of the four igniters is effected by rotating 
the timer through the desired angle. 

While these magnetic plugs reduce the noise and the complica* 
tion, they have the bad feature that it is almost an impossibility to 
time the ignition accurately because of the effect of magnetic lag 
While their use lor large engines was almost universal a few yean ago, 
they are now used by only a few engine builders, in fact, some of the 
engines that were equipped with magnetic plugs when first built 
have been le-equipped with mechanical make-and-break plugs* 



Fig llS Magnetic Make-and-Break igniter 
Courttty of Wttlinghoun Mafhint Company, 
Futfburgt, f’tnntylra’iio 



Contactor or Timer 
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Mechanwal Make-nnd-Break Type; 
The igniter shown in Fig. 120 is of the 
most advanced design. The tripping device 
is actuated by an igniter camshaft /I, which 
runs throughout the length of the cylinders 
and is driven from the lay shaft through a 
ratchet, so that if the engine shaft oscillates 
or reverses in starting or stopping, the 
igniter camshaft will not reverse and wreck 
the tripping mechanism. The cam li is a 
knock-(jft‘ cam, the cam gra<iually increases 
in diameter and then abruptly drops to the 
original diameter so that the push rod C is 
grailually raist‘d and then quickly returned 
to its original position. The raising of the 
push rod is resisted by the spring D, which 
rests at one end in the bracket carrying the 
push rod and at the other on a collar on the 
push rod. The top of the bracket is fitted 
with a rubber bumper E, The collar F on 
the push rod is so adjusted that the push 
rod d(jes not strike the small part of the 
cam when the knock-off occurs — in this way 
there is no click of metal on metal, and the 
rubber bumper can do its full cushioning 
work. Above this collar is a hard-rubber 
disk 6', mounted on a threaded steel sleeve, 
so that its position on the push rod may be 
adjusted. The disk G serves as the hammer, 
which abruptly moves the movable elec- 
trode // and breaks the circuit. The spring 
is attached to //, which tends to. hold the 
electrodes in contact. When the push rod 
is at the highest point of its travel, just 
before the knock-off, the disk G is set 
with a clearance of an eighth of an inch 
between it and the movable electrode arm. 
When the knock-off occurs, the push rod has 
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some distance in which to travel and gain velocity before striking the 
movable electrode ann, thus causing an abrupt break of the circuit, 
and in addition this clearance insures a contact between the electrodes 
before the break is made. The push-rod bracket is hinged and held in 
place by a bolt. The push rod can be made to knock off sooner or later 
by moving the bracket out or in, and thus the timing of the individual 
igniters can be changed while the engine is running. The bracket 



Flf . 120. MnolukDically Op«rtted Igait«r (or AlUo-CbaiiMn Ou GbcIm 
Courtt$it of AUU-Ckalmtn Company, Miltoauku, Wittoim* 

is bolted to a pad on the cylinder, clear of the igniter plug, so that the 
latter can be removed for inspection and cleaning without disturbing 
the bracket. The stationary electrode is a steel rod on which the 
anvil is machined. The movable electrode consists of a steel rod 
screwed into a cast-iron head or hammer, and the end of the screw 
riveted over. It is mounted in a steel tube, a ground 45-degiee joint 
being provided where the head seats in the tube to prevent lealcage 
from ^e cylinder out through the igniter. The stationary electrode 
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and the tube containing the movable olectnxle arc insulated from the 
plug at both ends by mica washers, care being taken that the holes 
through the plug are large enough to prevent either touching the 
plug and grounding. A light spring is provided under the arm of the 
movable electrode, just stiff enough to prevent the unseating of the 
head during the suction stroke. 

Ignition Current 

Batteries. In small engines the current is commnnly taken 
from a primary battery, consisting of about five cells. 'Fhe Edison- 
Lalandc cell, made up of two ziuc plates and a plate of compressed 
copper oxide immersed in a strong solution of caustic soda, is |)crhaps 
the most largely usc<l. Dry cells and storage-batttTy cells arc also 
used. Current is sometimes taken from a dircd-ctirrcnt lighting or 
power circuit; but this is objectionable, because the circuit is grounded 
every time the igniter terminals are in contact. 

Dynamo or Motor-Generator Set. The practice is growing, of 
using cither a small special dynamo or a raugucto-dynamo for the 



Fig. 121. DUgnm of Circuit for Makc-and-Break Ignition 

exclusive purpose of supplying the current for ignition. This makes 
the ignition spark more certain and of more uniform strength than 
when a battery is used, as the latter deteriorates with use. When a 
generator is used to supply current to a make-and-break igniter, 
lamps—one or two in parallel — are used in scries with the igniter to 
govern the amount of current; otherwise, too much current would 
flow and the contacts of the igniter would be rapidly burned away. 

A switch. Fig. 121, should always be included in the electric 
drcfiit, and should be thrown out when the engine is not running, 
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in order to prevent the short-circuiting and consequent exhaustion 
of the batteries. 

When niultieylinder engines are used, the ignition circuit is 
elosc<l for a large proportion of the total running time, and conse- 
quently the batteries will run down rapidly. To eliminate the trouble 
and annoyance of fre<pient*retilling of the primary cells, or of fre- 
quent recharging of the storage batteries, it ha.s become usual in large 
engines, and very common in small engines, to generate the current 
rwjuirwl for ignition by mechanical power. The simplest means of 
accomplishing this is by the use of a small dynamo driven by the 
engine; but this generates a current whose amount dei)end3 on the 
speed of the engine, A battery must be cmployc-d to start the engine; 
when the speed of the dynamo is sufficient to give the desired current, 
the battery is thrown out of the ignition circuit, and the dynamo 
is put in by means of a double-throw switch. As the ordinary ignition 
dynamos have self-excited field magnets, the current generated 
increases in a double ratio with increase of speed; that is, not only is 
the armature specfl increased, but the field excitation is increased 
also. The result is that, as the speed increases, a dynamo is likely 
to give nn excessively hot spark, which tends to burn away the 
contact points rapidly, (’onsequently, a dynamo is best used on a 
constant-speed engine. If u.sed on a variable-speed engine, it is nec- 
essary to have a singed governor, w'hich prevents the generator acquiring 
more than a certain desired s|)ee<l; without this, the current at high 
speed might be destnictive to the generator. The electrical output of 
A dynamo is large compared with that of a magneto of the same size 
and speed. 

In large gas-engine-tlriven electric-generating stations, the 
ignition current is supplietl by a motor-generator .set, which is used 
for no other purpose. The engines are started on a storage battery 
and when the main gener.itor3 are excited, the ignition mofbr-genera- 
tor set is started and run on the pow’cr generated by the engines and 
the ignition switched from the battery to the motor-generator circuit. 
In some plants, where an outside source of current to run the motor- 
generator set is available, the storage battery is dispensed with. 

A dynamo may be used either with make-and-break ignition 
or with jump-spark ignition. In the former case, it is not absolutely 
necessary to havea spark coil in series, as thesirlf-inductionof the arma- 
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ture furnishes the necessary extra current when the circuit is broken; 
a coil is generally used, however, to increase the pressure after the 
break. With jump-spark ignition, the usual induction coil is necessary. 

Magnetos. General Characteristics. With a variable-speed 
engine, if a mechanically generated current is to be use<l, it is best 
obtained from a magneto. The only fundamental difference between 
a magneto and a dynamo is that a magneto has permanent magnets, 
while a dynamo has electromagnets. The strength of the magnetic 
field through which the armature rotates will naturally remain con- 
stant in a magneto, while with a self-excited dynamo it increases with 
the speed. The variation of the current generated with the sjHJcd, 
will consequently be less in a magneto than in a dynamo. A magneto 
may be run in either direction. For ignition purpo.ses it is not nec'cs- 
sary that the current should have constant direction; consequently. 



ir\ 


ni/ni 



Fif. 122. Ponilion of RoUtini AnnatuK of MagDeto 



ignition magnetos are not supplied with the usual commutators and 
brushes, and they deliver an alternating current. One terminal of the 
armature coil is grounded on the armature core; the other goes to a 
collector ring on the shaft, and is taken off by a single brush. 

The magneto armature may be constructed precisely like a 
dynamo armature with commutators and brushes, delivering con- 
tinuous cflrrent. In that case it does not have to run in step with 
the engine, but requires a spark coil. 

More frequently the armature is of the // type. Fig. 122, with 
a single coil of comparatively coarse wire. The motion of the arma- 
ture may be 'either a continuous rotation or an oscillation. With 
continuous rotation, the current induced in the armature goes from 
zero to a maximum, twice in every revolution. For the spark, the 
dreuit is preferably broken when the armature current has its maxi- 
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mum value. This is readily accomplished in magnetos which are 
geared directly to the engine by making the speed of the magneto 
the proper multiple of the speed of the engine, the position of maxi- 
mum voltage of the magneto being made to coincide with the explo- 
sion position of the engine. When the magneto and engine have the 
desired relative speeds and 'positions, they are said to be running 


in step or in synchronism. 

Since the time of ignition of an engine should be made earlier 
as the speed becomes greater, it is desirable that the relative positions 
of magneto and engine should be capable of slight adjustment while 
the engine is running. This is ac- 
complished in various ways. It is 
not, however, always necessary to 
break the circuit at the point where 
the current is greatest, since there 
is considerable current flowing, as 
seen in Fig. 123, for some time 
after the magneto has passed its po- 
sition of maximum current. Con- 
. sequently, if the relative positions 
of magneto and engine are fixed 
once for all, so that the current is at 
its maximum when the circuit is 
broken at the highest speed, then, 
when the circuit is. broken with a 
smaller advance at some lower speed, there will be sufficient current 
for a satisfactory spark. Owing to the intensity of the magneto 
current, the advana* of the spark that is required in order to produce 
a satisfactory explosion is considerably less than is necessary in the 
case of a battery current. It is, of course, most necessary to have a 
hot spark when the speed is highest. ' 

The voltage of a magneto naturally increases with speed; but 
the rate of the increase is not nearly so great as that of the speed*, 
on account of the reaction of the armature on the comparatively 
weak permanent field. 

Magnetos are used either for make<«nd-break or for jump- 
spark ignition. In the former case, they are low-tension magnetos; 
b the latter, high-tension magnetos. 



of Armature 


rig. 123. Curve Showing Current Induced 
by Magneto n( Kigi 132 and 134 
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Electrical Action, Magnetos are of two t)T)es: (1) those with 
rotating airmatwe; and (2) the inductor type, with stationary armature 
and rotating segments or inductors. In both types— as in all electro- 
magnetic machinery— the generation of electromotive force results 
from changes in the number of interlinkagcs between magnetic lines 
of force and the coils of an 'electric conducting circuit. The number of 
interlinkages which any one line of force makes with a closed coil of 
wire, is the number of turns or loops that it traverses. The inter- 
linkage in any electromagnetic apparatus is the sum of the inter- 
linkages of all the magnetic lines of force. 

The voltage (and current) induced at any^ instant is proportion- 
ate to the rate of change of interlinkage. Tonsequcntly , no current is 
generated when the intcriinkage is a maximum, for at that time the 
rate of change of intcriinkage is aero. 

The direction of flow of the induced current depends on two 
things: (1) Whether the interlinkage is decreasing or increasing; 
and (2) the direction in which the magnetic lines of force thread the 
coil. A dccrea? ^ in the interlinkage with the lii\cs of force threading 
the coil in one direction, gives a current in the same direction as an 
increase in the interlinkage when the direction of the lines of force 
is reversed. 

Rotating Armature Type. In Fig. 122, several positions arc shown 
of the rotating H-shaped armature. The long arrows passing through 
the armature represent the lines of force passing from the N pole to 
the 5 pole. The winding a 6 of the armature is shown dfagram- 
matically, and the direction of flow of the current induced in it is 
indicated by the arrows. In position 1, all the magnetic lines of force 
pass through the armature; the flux is consequently a maximum, and 
the induced current zero. As the armature rotates to position II, 
the number of lines of force actually threading the armature decreases, 
and a cUhent is induced in the direction shown. From position II, 
the magnetic flux continues to decrease till it becomes zero, when 
the armature is in the vertical position. From there on, the magnetic 
flux in the armature reverses itself; that is, instead of going from A to 
B, it goes from B to A, and increases in amount as the armature 
rotates through position III to position IV, where it again reaches 
its maximum value. The effect of the increase of the reversed flux 
b to give an induced e.m.f. in the same direcUon as that resulting 
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from the decrease of flux in the original direction. Consequently, the 
e.m.f. is in the same direction while the armature routes from position 
I to position IV; it starts and ends at zero, and has its maximum 
value while the rate of change of flux is greatest that is, between 
positions II and III. During the other half of the revolution, while 
the armature is rotating clocTcwise from position IV to position I, a 
similar action takes place; but the e.m.f. is all the time in the reversed 
direction, as indicated in position V. The current lags somewhat 
behind the e.m.f. 

The variations in the duration or magnitude of the induced cur- 
rent depend principally on the design of the pole pieces and armature. 
The magneto shown in Fig. 124 gives the induced current represented 
in Fig. 12d while it is moving between the two positions shown— that 

is.while it is moving through 

an angle of 25“. The result 
/ ^ ^ \ \ of one complete revolution 

of the magneto is an in- 
duced current for about 25® 
of rotation; very little cur- 
rent for the next 155®; a 
I current in the reversed 

^ direction for the next 25®; 

Ft®. 124. Matnato Giving Indurad Current During and VCrV little Current for 
PartofRotatiunolArmatum Femcining 155®. This 

magneto may then be usetl for ignition twice :n its revolution. If 
it is used with (1) a single-acting four-cylinder four-cycle engine; or 
(2) a double-acting two-cylinder four-cycle engine; or (3) a single- 
acting two-cylinder two-cycle engine; or (4) a double-acting one- 
cylinder two-cycle engine, the magneto should run at the same speed 
as the engine. With a single-acting six-cylinder four-cycle engine, 
it must run at one and ono-half times the engine speed, irforder to 
ignite all six cylinders. 

The ignition can occur only during the comparatively short 
period while current is being induced, and should occur preferably 
when the induced current is at or near its maximum. The form of the 
current curve, Fig. 123, is than of importance in determining the 
permissible variation in the point of ignition while the magneto and 
fn yni> keep in step. A magneto with a curreflt curve that keeps up 
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wHI, may permit as much variation in the ignition as is desired. In 
Fig. 123, for example, the current will be ample for ignition from 6 to e 
(that is, for a rotation of the armature of about 15 degrees), so that 
there is the possibility of changing the ignition through a range of 15®, 
if the engine and magneto run at the same spei'fl. 

A variation of 15® between theearlwst and latest jwssible ignition 
will be ample for some engines, but may be insufficient for others. 
Variation in the ignition is employed when starting up an engine; and 
also for variable-speed motors, such as automobile engines, when the 
ignition has to be made earlier as the speed increases, so as to give 

r7\ f7\ 
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Fig. 125. Diacminii llluntraiing Aotionof Inductor Magneto 


time enough for the combustion to be fairly complete shortly after 
the beginning of the stroke. 

If the design of the magneto is such that the current curve has 
a sharp peak — that is, the duration of a current sufficient for ignition 
is quite short — or if the desired variation of ignition is, for any other 
reason, greater than the duration of an adequate current in the arma- 
ture coil, there must be some device for adjusting the relation of the 
magneto to the engine so as to make the peak of the current curve 
coincide with any desired point of ignition. 

The simplest way of accomplishing this is to rotate the magneto 
shaft with reference to the engine shaft by the use of a sleeve with 
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an external spiral groove or an internal straight feather, which is 
interposed between the armature shaft and its pinion. By a longi- 
tudinal movement of this sleeve, the armature is rotated in relation 
to the engine shaft. 

Inductor Type. The action of the inductor magneto is shown in 
Fig. 125. This figure shows eight 
positions in the rotation of the 
inductor, which consists of two 
cylindrical segments of soft iron. 
The magnetic condition of the 
t - cfMuctor armature tore ttcpeiuls entirely 

FJl. IM. Curr«ni rurvf. of .o Indut tot Upon tllC position of tllC iuductor, 
which, in turn, is determined by 
the engine fwsition, the indiu tor being geared to, and running synchro- 
nously with, the ei'ginc. The armature is stationary. 1 n the positions 
At C, £, and 6' the segments form a magnetic bridge between the 
magnet poles and the heads of the armature core, and the core 
becomes highly magnetized. The path of the magnetic lines is shown 

in the diagram. In these 
,'r\ ? positions, there is maxi- 

“ ^ jj mum interlinkage. In 

passing through positions 
B, D, F, and H, the 
magnetic lines are abrupt- 
ly changed in their direc- 
/ tion, and a vigorous in- 

^ current is set up, 

^ f t ^ jjQth from breaking 

I k 1 1 1 dowu of thc existiug lines 

I Mil auMiB !■ I 

ting up of new littes in the 
n,.i27. opposed direction. This 

reversal occurs four times during one revolution of the inductor; 
and succeeding reversals give current in opposite directions. Con- 
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aequently, the inductor magneto gives twice as many electrical 
impulses per revolution, and, oonsequently, has to be rotated only 
half as fast, as the rotating-armature type of magneto. Since the 
winding b all stationary, no brush is needed totake the current from 
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the armature; all the electrical connections to the armature are 
stationary. Typical current curves of an inductor magneto are given 
in Fig. 120. 

The construction of a simple magneto is shown in longitudinal 
section in Fig. 127. The annature b, carrying the winding, rotates 
in the bearings/ and g Ix'tween the poles of the magnets a. One end of 
the winding is fastcneil to the armature core; the other end goes to 
the contact piece c, which passes through the hollow armature spindle 
and is insulated from it. The current is taken from this contact 
piece c by the carbon e, which is pressed against it by a spiral spring, 



and which is insulate<fby the soapstone disk m. The carbon k, which 
is pressed against the hotly of the armature by a spiral spring, gives 
a good electrical contact between the rotating armature and the 
frame of the magneto. -Such a magneto is called a low4en»ion 
magneto. If it is to supply current for a number of igniters, a timer 
or distributor must Ije used with it; this distributor must be geared to 
the magneto in such way as to insure a sufficient current being 
generated at the moment when the circuit is established with each 
of the igniters. The distributor is usually a rotating metal segment 
connected with the insulated terminal of the armature coil, coming 
in succesave contact with conductors leading to the i n sulated 
•tationary electrodes of the igniters. 
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Timers. The timer shown in Fig. 128 consists of a cam (driven 
from the lay shaft) the high point of which comes in contact once 
during a revolution with the rollers on each of the four pivoted arms. 
Each arm has a contact point A, which is thereby brought into con- 
tact with the insulated and jpring-supported contact point B con- 
nected with each of the four terminals. The contact points are held 
firmly together by the springs until the cam passes. There are coiled 
springs in the pivot ends of the 
arms, which hold the rollers in 
contact with the cam. 

Low- Tension Magneto, The 
current from a low-tension mag- 
neto is used only for make-and- 
break ignition. An example of 
its use is given in Fig. 129, which 
shows a mechanical make-and- 
break apparatus with a device for 
varying the time of ignition. The 
cam A on the lay shaft, working 
through the lever B and rod D, 
brings the moving electrode E 
into contact with the stationary 
and insulated electrode F. At a 
certain position of the cam, this 
contact is suddenly broken by the 
action of the spring on the rod D. 
The interritption of the circuit 
mu.st be made to occur while cur- 
rent is being induced in the magneto. A moderate variation in the 
time of the ignition is obtainable by shifting the lever which 
shifts the position of the roller on the lever B; a movement to the 
right makes the ignition earlier; to the left, later. 

Oscillating Magneto. With such magnetos as those already 
described, if the armature is rotated in synchronism with the engine, 
its speed will be low w'hen the engine speed is low, and consequently 
the current will be feeble at that time. It may be necessary , therefore, 
to have some supplementary source of dectricity which can be' 
switched on to the igniter circuit when the engine b being started, 
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or when, through overload or other cause, it slows down below a 
certain speed. This auxiliarj' source may be either a battery or a 
separately driven generator. It is possible, however, to construct 
an engine-driven magneto which shall give a current the amount of 




which is independent of the speed of the engine. This is accomplished 
by giving the moving part of the magneto an oscillating instead of a 
rotary motion, and making the current-generating movement occur 
at a predetermined time through the action of a stressed spring, and, 
consequently, at a speed which does not depend on the engine speed. 
Such an arrangement is often used on stationary engines. 


m 


OAS AND OIL ENGINES 


In Fig. 130 is shown an oscillating magneto of the inductor type 
--first, in its position of rest; and second, in its position immediately 
before tripping. The moving cylindrical segments are fastened to 
the T-shaped lever C, whose fulcrum coincides with the axis of the 
segments. The lower end of this lever is moved through the range 
shown in the figure, by a lifter B, which is fastened to the lay shaft A. 
The extremities of the upper arms of the lever are held by strong 
spiral springs which tend to keep it in the first position. On the 
rotation of the lay shaft past the second position, the lever is tripped, 
and the springs bring it smartly back; and, after a few rapid oscilla- 
tions, it comes to rest again in the first position. This rapid oscillation 
gives.ri8e to a rapid succession of electrical impulses. 

The connection of such a magneto to the makei-and-break 
ignition apparatus, is shown in the same figure. The fixed electrode 
D is electrically connected to the insulated terminal of the magneto; 
E is the other electrode, which is kept in contact with the fixed 
electrode by means of a spring and a bell-crank lever until it is 
separated from it, on the tripping of the magneto, through the impact 
of the forked rod F on the other arm of the bell-crank lever. A series 
of sparks passes between tiie electrodes as a result of the oscillation 
of the magneto-inductors. 

This method of ignition gives admirable results; and it is par- 
ticularly applicable where one igniter, only, is to be used. If more 
than one igniter is necessary, there is required a separate magneto 
for each igniter. The action of this apparatus is noisy ; and if several 
are in use, the noise becomes 'quite objectionable. Also, it is not 
applicable with high speeds of rotation. Its great advantage is that 
it gives an equally good spark at all speeds, and that it does away 
with the necessity for supplementary sources of electricity. When 
there are several igniters, or when the speed is very high, the rotary 
forms of the magneto are more satisfactory. * 

Jump-Spark Ignition 

Characteristici of High-Tension Method. The make-and- 
break electrical method of ignition, hitherto described, requires in 
every case that there shall b» a movable electrode subjected to the 
high temperature of the cylinder. This arrangement, althou^ 
carried out with success on nearly all statibnary gas engines, baf 
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inherent objections. The difficulty of keeping the ignition in workirtg 
order grows as the size of the engine decreases, as its speed increases, 
and also with the multiplication of cylinders. In automobile and 
motor-boat engine^i, it is particularly desirable that a simpler ignition 
method should be used. This is accomplished by the jump spark. 

If an electric circuit is complete except for a small air gap (of, 
say, .1 inch), and if the electromotive force in the circuit is continu- 
ously increased, it will at last reach such a magnitude that it will be 
able to overcome the resistance of the air gap, and a spark, or electric 
arc, will spring across the gap. As the resistance of an air gap is 
very higli, a considerable electromotive force is always necessary, 
and consequently this method is spoken of as a high-^terution method. 
The moment the spark passes between the electrodes, the resistance 
of the air gap is reduced 
enormously, so that the 
high tension is necessary 
only for starting the 
spark, not for keeping it 
up. The resistance in- 
creases with the width of | 
tlie air gap. With a make- | ^ 
and-break contact, the 
current is passing before 
the electrodes separate; 
and the spark which 
passes from one electrode to the other encounters little resistance until 
they are separated a considerable distance, because the continuous 
spark keeps the resistance low. ^Vhen, however, the spark is finally 
interrupted by the increase in the air gap, it can no longer jump the gap, 
even when the electrodes approach very near to each other, because it 
is only a lo^ -tcnsion current that is used for make-and-break ignition. 

With a constant air gap, the resistance to the passage of the 
sparic increases with the pressure of the air which surrounds the 
electrodes. In gas engines the spark is always required to pass after 
the charge has been compressed; and, consequently, a considerable 
vohage is necessary. The actual voltage required is shown graph- 
ically in Fig. 131 for the small air gap of .02 inch; with 80 pounds 
oompresMon, over 12,000 volts is necessary. For larger air gaps, the 
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necessary voltage is still greater. A i^-inch gap at atmospheric 
pressure requires 10,000 volts. Probably about 100,000 volts is 
necessary ou many spark plugs. 

An ordinary cell, primary or storage, will giv^ about two volts, 
so that it is obviously impracticable to get the desired electrical 
pressure by j)utting sufficienf cells in series. The magnetos described 
previously also give low voltages, say, KX) to 200 volts as the maxi- 
mum pr(‘ssure. In order to use these sources of electrical power 
for jump-spark ignition, an indutlion coil must be used to transform 
this low-tension current into the desired high-tension current. 

Induction Coils Give High Voltage. (Itneral Theory. When a 
current flows through a <;oil of wire, magnetic lines t)f force art* set 
up surrounding (interlinking) the coil. ( 'onversely, if magnetic lines 
of force are made to cut a coil, an e.m.f. will be set up in the coil, 
whose magnitude, as already explained, depends on the rate of change 
of the interlinkages. If the current flowing through a coil ceases 
suddenly, the magnetic lines of force cease also—that is, there is a 
sudden changt* of the interlinkage; and, as a result, a current will be 
induced, just as if the magnetic lines hatl been due to an outside 
magnet which was siuMenly removed. The induced current is in the 
same direction as the current that was interrupted. This phenomenon 
is called self-liuluction. The st*lf-induction is greatly increased if 
there is a bundle of soft-iron wires inside the coil of wire, as this 
causes a greater concentration of the lines of force and increases the 
intcrlinkng('. 'Phe ordinary spark coil wliich is used in make-and- 
break circuits, with battery for source of eiu ?gy, is built on this 
principle. When magnetos are used for the generation of the elec- 
trical energy, the armature arts as a spark coil, so that no other 
spark coil is neces.sary. The effect of the spark coil is to increase the 
electromotive force at the instant when the current is interrupted; 
and, when this interruption is due to the actual breaking of ihe circuit, 
to cause a spark to jump across the gap formed. This is what takes 
place in the make-and-break circuit. 

Primary and Secondary CoUs. If two coils of wire are wound on 
the same core of iron wire, and if one of these coils, the primary coU, 
is connected to a source of current, and the other, the secoridary edit 
is closed upon itself, then the same number of lines of force will cut 
both coils, but the interlinkages will depeud in each coil on the num- 
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her of turns in the coil. If the secondary coil has one hundred times as 
many turns as the primary coil, the interlinkage with the secondary 
coil w'ill be one hundred times greater than with the primary coil; 
and, consequently, on the interruption of tiie primary current and the 
disap|>earanee of the magnetic lines, the rate of change of interlink- 
age will be one hundred times jis great*as in the primary coil. The 
pressure jt)f the current induee«l in this way in the secondary coil, can 
be maile as high as desired by increaMug the number of turns of the 
coil. The action of the one coil on the otluT is called {lulndion. 

Une of Comh tm-r. The voltage in tin* secondary coil depends 
not only on the number of turns, but also on the rate at which the 
magnetic lines of foree threa«ling the roil are broken down. This 
latter depends on the rate of disappearance of the current in the 
primary coil. Now, is it not jiosMble to stiip tin* How of current in the 
primary coil instantaneously, with an induction coil made up of the 
elements mentioned above. It will be foinnl, on trying it, that only 
feeble sparks will be given by the secondary coil. The trouble arises 
from the self-induction of the primary coil, whicji, ns desc'ribed above, 
tends to keep the current flowing after the circuit has been broken, 
aud caust's a spark to jump across the broken primary circuit. The 
spark in the primary circuit will be found to be even larger than the 
spark that can be obtttim*d in the secoiulary circuit; and it not only 
does no good, but on the contrary is most harmful, as it (piiekly burns 
away the contact points in the primary circuit. To remedy this 
trouble, the self-induction of the primary coil must he overcome; and 
this is accomplished by means of a condemt r. 

A condenser consists of a large numlMT of thin sheets of tinfoil 
separated from one another by sheets of paraflined pajKT or other 
insulating material. If the sheets of tinfoil are considered as num- 
bered in order, all sheets of even number are connected together and 
to one teftninal of the condenser; and all sheets of odd number are 
connected to the other terminal. The condenser is then connected 
across the break in the primary circuit. A condenser constructed 
in thb way has capacity for holding or retaining an electrical charge. 
When the primary circuit is broken, the self-induced current, instead 
of forcing its way across the gap, fimls its path of least resistance into 
the plates of the condenser, and go<-3 there and is retained. If the 
capacity of the condenser is sufficient, the current in the primary 
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will die down instantly, and consequently a high pressure will be 
induced in the secondary coil. 

Revolving Contact Timer in Primary Circuit. The making and 
breaking of the primary circuit for jump-spark ignition is brought^ 
about by a revolving-contact timer which replaces the tripping 
device of the low-tension system, and which is the only moving part 
that is necessary. A timer such as that described earlier and shown in 
Fig. 128, is a common type for this purpose; and it serves to make 
and break the primary circuit in four separate induction coils, the 
secondary coils of which are 
connected to the spark plugs 
of four cylinders. 

Vibrator. With an induc- 
tion coil as described, this would 
give one vigorous spark when- 
ever the timer breaks a contact. 
Such an arrangement is common 
on bicycle motors. It is desir- 
able, however, to have a number 
of sparks passing between the 
electrodes of the spark plug, so 
as to insure greater certainty of 
ignition than is possible with a 
single spark. This can be ac- 
complished by having a rapid 
sucre.ssion of makes and breaks 
of the primary circuit at the 
time when ignition is desired. 
The device for effecting this is called a trembler or vibrator or buzzet. 
The trembler or vibrator may be either mechanically or magnetically 
actuated, the latter method being that in most general use tft present. 
The mechanical vibrator L but little used. 

Mechanical Vibrator. One of the best known forms of mechan- 
ical vibrators is shown in Fig. 132. U and I are the contact points 
through which the primary current passes. On the tripping of the 
spring blade C by the cam E, the spring is set in rapid vibration, and 
consequently, there is a rapid succession of makes and breaks at the 
contact points. The timing is varied in this device by rotating the 




GAS AND OIL ENGINES 


201 


Fig. 133. CoDtari Maker of Atwater Kent Unieparker 
CourttMi/ of Atwater Kent Mnn-u/ofluring Worh, 
Philaddphia, Pinneyltania 


base plate A on which the contacts are supported, alwut the shaft F . 
The cam E is driven hy gears from the engine shaft at one-half the 
engine spewl. VP are the primary terminals, and are connected 
with 7/ and 7, rcsj)cctively. A clockwise rotation of the plate makes 
the ignition earlier. The ^ 

mechanical tremVder has 
been geiuTally tli.scarih‘d he- 

cause of the breaking of the ** ^ 

spring blades, the burning- c~ 
out of the contact points H 

and other troubles. e'lc / 

Atwater Kent Contact 

Maker. A device similar to ^ 

rig.i;V2 is shown in Fig. 133. ^ 

The hardcned-stecl rotating « 

shaft iti the center has 

a.S many notches a.S there CourttMu a/ Atwater Kent Mnnufoeluring W<nk>, 

• Philadciphirit PtHn$yipama 

are cylinders, and rotates to 

the right — clockwise— at half engine specfl. Each notch in turn 
engages the hook-shaped lifter E, drawing it to the right till a certain 
point is reached. Then the notch releases tlu‘ lifter, which flies back 
under the pull of the small coil spring. As the lifter returns, it rides 
up on the rounded part of the 

shaft, striking the pivoted ham- ^ 

iner, which is locate«I Iwtwcen 

the lifter and the contact spring, o - f', 

and causing the hammer to force 7. ' 

the contact spring D, for an in- " ^ ^ ^ 

stant, against the contact screw p . . . 

C. The motion is very rapid — ' 

the hamiTier and contact spring , 

appearing to remain stationary. 

With this device, only one spark 

coil is neeiled even for a multi- Fi*. isi. Aiii«m»iir Bpark-AdvMo* D«vic« of 

|. 1 . . Atw»l«r K> nt I'oikparker 

cylinder engine, the contact 

being made and broken in the primary by the contact maker 
and the secondary current sent to the cylinders by a distributor 
mounted on the same shaft as the contact maker. The incchanismi is 
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such that the duration of contact is constant regardless of speed, 
and is only long enough to build up the current in the spark coil. The 
moving parts are extremely small and light and, therefore, the inertia 
effect is reduced to a minimum. 

Fig. 134 shows a device which is used in connection with the 
contact maker just described and is mounted on the same shaft and 
in the same case. It is a centrifugal governor which advances the 
spark time as the speed increases. Tlie rotating shaft is divided, 
and as the governor weights expand they rotate the upper part of the 
shaft in its own direction of rotation, thus making and breaking 
contact earlier than at slow speed. By the use of this device the 



spark is, automatically, properly timed to corresjwnd with the 
engine speed. 

Action of Jnduciion Coil. It is now' the general practice to have a 
magnetic buzzer or vibrator as part of the induction coil. An 
ordinary induction coil is shown in Fig. 135. The priraarj' winding 
leads from the terminal P, around the soft-iron core A, to the metal 
plug B. The secondary winding leads to the two terminals Su St, 
A flat steel spring C is fastened to the plug B, and has riveted at its 
free end the soft-iron armature D. In the normal position of the 
spring C, the armature D is separated a short distance from the 
armature core A , and the platihum-tipped contact point on the back 
of the spring touches the similar contact point at the end of the 
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adjusting screw F. F is connected through the battery and timer 
with the terminal P. 

When current is- sent through the primary cinruit, the core A 
is magnetized, attracts the armature 1), and breaks the contact at E. 
This interrupts the current in the primary circuit, and with the aid 
of the condenser indViees a powerful current in the secondary. As 
soon as the current in the primary winding ceases, the core loses its 
magnetism, and the armature I) returns to its normal position, 
re-establishing tlie current in the primary. The cycle of operations 
then recommences anrl continues .so Fong-as current is supplied to 
the primary coil. The time refjuire«l for one rnake-nnd-break — that 
is, foroneconiph'te vibration of the si>ring — is genendly l<*ss than riif 
of a secoral. The rapi<lity can be vari«*d by ailjusting the contact 
screw /'’—which is held in place by the locknut shown— the frequency 
increasing as the screw is advain ed. 

It is not desira!)le to have a very light contact between F and 
the spring, Iwause, in that case, a very small force suffices to break 
the contact, and, ('onsequently, the primary circuit will be broken 
before the current has reached its maximum value. This results 
in a weak magnetic field, and, therefore, in small inductive effect 
and weak spark in the secondary. 

Induction coils arc applied to engines which frequently have 
very high .speed of rotation— I (M)() revolutions j>cr minute, or more. 
\Yith a trembler making 100 vibrations per second, and an engine 
making 1000 revolutions per minute, the' crank w'ill have turned 
through an angle of Gtr l)etw'cen sucee.ssivc sparks. It is obvious 
that the interval of time bt*tween successive .sparks is altogether too 
great in this case, since, if the first spark docs not effect the ignition, 
the second spark will come far too late to give efficient results. It 
is desirable, then, for high-speed engines, to make the vibration more 
rapid, yhe natural period of vibration of the ordinary hammer 
vibrator depends on the dimensions of the spring and the mass of 
the armature. The spring, however, cannot be shortened below 
certain limits, as that increases its stiffness too much, intensifies the 
magnetic force required to move it, and, therefore, demands a larger 
armature. 

For best effect — that is, to get a greater in<luced current — the 
break in the primary circuit should be made more suddenly than is 
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accomplished by the ordinary vibrator. With the ordinary vibrator, 
the circuit is broken as soon as the spring begins to move—that is, 
while the velocity of the spring is still low. To accomplish a more 
sudden break of contact, the moving part of the vibrator may be 

made in two parts, as in 
Fig. 136. The hammer 
or armature, which is 
magnetically attracted to 
the core, does not carry 
any contact point, but 
carries, instead, a button 
which, after a certain 
movement of the ham- 



rig. 136. Vibrator of Splitdorf Coil 
CourUiy oj SpiMor/ Elertrieat Company, 
Newark, New Jertty 


mer, strikes the contact spring and breaks the primary current flowing 
through the contact spring to the contact screw. When the contact 
is broken, the hammer is in the middle of its stroke, and is moving with 
considerable velocity. The result is a rapid break. The substitution 
of the thin hammer for the heavier iron armature Fig. 135, permits 
higher speed, as the inertia effects 
are less. 

The vibrations per second of 
the trembler vary in the principal 
coils from about 100 to 400. They 
are generally designed for from 
4 to 6 dry-ccll batteries, or a 3- or 
4-cell storage battery. A good 
coil requires about .2 to .25 am- 
pere when in use on a single-cyl- 
inder engine. With low compres- 
sion in the engine, and the result- 
ing comparatively low^ voltage 
requiredin the secondary coil, the 
pressure of the contact on the 
trembler spring can be made very slight, as it is not necessary to 
develop the full current in the primary coil. With high-compressiOn 
engines, the pressure of the contacts must be increased, and the use 
of current will increase correspondingly. 

There is provided in all coils a safety spark gap to prevent over- 
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straining of the insulation in case a current of abnormally high voltage 
is sent through the coil. The current will pa.ss through this gap if 
the spark plug is taken off, in which case there is no small air gap 
in the circuit. 

Timers v'lth Separate Induction Coil. If there are several 
igniters on an engine, they may be serfiwl either by a separate induc- 
tion coil for each igniter, or by a conunon induction coil for all 
igniters. With a separate induction coil for each igniter, and one 
source of electrical energy, a timer or primary commutator must be 
used, rotating in synchronism with the engine and semling the pri- 
mary current to the different coils in suc(‘ession at the desired times. 
One form of siu h timer has Ihhmi shown- already in Fig. 128. Other 
forms are sliown in Figs. 1-37 and 
13S. With the snap~off timer, Fig. 

137, the pressure of the spring in- 
sures a good contact betwt'en the 
rotating c<)ntact piece C and the 
fi.\e(l contact li; and the ending of 
the contact is so abrupt that it may 
cause a spark in the secondary coil, 
even if tl>e vibrator refuses to act. 

Only one contact B is shown, fas- 
tened to the non-conducting case 
I); but there will be as many con- 
tacts around the periphery of the 
timer us there are cylinders. 

In those cases where the noise ami wear of tliis type of timer arc 
objectionable, the roller-contact timer. Fig. FiS, may be used. In 
both cases, by the simple device of rotating the external casing 
through the desired angle, the times of all the contacts can be 
advaneedior retarded simultaneously and by the same amount. 

Distributors. With separate induction coils for the separate 
cylinders, the timing of ignition will not be quite the same'in each 
cylinder, although the timer contacts occur at exactly the proper 
intervals. 

This results from the fact that it is not practicable to adju.st the 
vibrators of the coils so that all have the same period of vibration. 
Consequently, the ignition lag will be different in the different cylin- 



Fi*. 138. Connrrticul Roller-ConUct 
Tinii'f for Four Cylmdcru 
Courtfny of ('Hnnrrtirut Ttlrphonr and Kite- 
Inc l'oni)i-iiiy, Mrtiiirn, I’onntiiicut 
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dere; this is why it is important to endeavor to adjust all the vibrators 
till they give the same note. By the use of one coil for all cylinders, 
this trouble can be remedied, and we get the so-called synchronous 
system. 

If it is desired to use but one induction coil for several cylinders, 
a timer is still necessary to said current to the primary coil at those 
times when ignition is desired; 
but a distributor, or secondary 
commutator, is also necessary, 
to send the high-tension current 
generated in the secondary coil 
to the proper spark plug. The 
very high voltage of the second- 
ary circuit renders the construc- 
tion of a distributor much more 
dillicult than the construction 
of a timer. In principle and in 
method of action, they may be 
precisely similar; but it is nec- 
essary to give extraordinary care 
to the insulation of the distrib- 
utor, while with the timer this 
gives but little trouble. The dis- 
tributor is generally mounted on 
the same shaft as the timer, or 
is geared directly to it. 

On account of the high ten- 
sion in tlie secondary circuit, it 
is not necessary that the revolv- 
Ti*. 130. Combinra Timrr and Distnbuior ing arm of the distributor should 
actually touch the insulated fixed 
contacts; if current is being generated while the revolving arm is close 
to one of the contacts (say, |V inch aw'ay), a spark will jump across the 
gap. By the use of a glass top to the distributor, the action of the coil 
can be observed. A combined timer and distributor is shown in Fig. 
139, the timer being above, the distributor below'. The primary ciu> 
rent enters through the steel ball o, which comes in contact with cams 
C on the rotating sleeve 6. The secondary current enters at d, and goes 
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through the steel ball e to the brass strip/, and thence to the base 
of one of the binding-posts hh. Insulation is effected by having the 
post i And the casing j of hard rubber. Advance or retardation of 
the spark is effected by the rotation of the case j through the arm k. 

l1lgh*Tension Magnetos. If a magneto is used to supply current 
for jump-spark ignition, it is called a hlfeh-tcnsion magneto. It may 
be precisely the same as the low-tension magneto dcscril)ed pre- 
viously, generating a low-tension ciirrent which g«K‘s to a separate 
induction coil; or it may have the secondary coil wound on the arma- 
ture of the magneto, so that the magneif) ai ls not only as a current 
generator but as induction coil also, 'i'hc latter is the common 
method. Since one magneto is all tlmt is necessary for several 



cylinders, it is usual to make the distributor an integral part of a 
high-tension magneto. A timer, interrupter, or circuit breaker is 
necessary to break the pripiary circuit rapidly at the desired time, 
so as to give a good induction effect. 

Higk-Tension System for Four-Cylinder Engine. The gen- 
eral arrangement of a high-tension magneto ignition system for a 
four-cylinder engine is shown in Fig. HO. The primary and 
secondary windings of the magneto are continuous with each 
other. One end of the primary winding goes to the armature core; 
the other end goes to a ctmtact breaker which, normally, short- 
circuits the primary coil, but which, at the moment of sparking— 
when the movement of the armature is such as to give a vigorous 
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current— breaks the circuit suddenly, and consequently induces the 
necessary current in the secondary. The armature is of the usual 
rotating type, running at the same spee<l as the engine and giving 
two electrical impulses per revolution. Hence the contact breaker is 
arranged to break contact twice jjer revolution, giving two electrical 
impulses in the secondary circuit per fevolution of the engine. A 
condenser is connected across the circuit-breaker gap in the primary 
circuit. The secondary winding is grounded at one end by being 
made continuous with the primary, and at its other end goes to an 
insulated ring at the left, and then, through a brush, to the distribu- 
tor. The safety spark gap minimizes the probability of injury to the 
insulation of the secondary coil from excessive voltages. The dis- 
tributor arm is geared to the contact breaker, and revolves at one- 
half its speed; that is, it makes one revolution for two revolutions of 
the engine. The rotating arm makes sucwssive (*ontacts with each ol 
the four insulated segments during a revolution, and c*onsequently 
sends current to the spark plugs. 

Variation in the time of ignition is eflfected by varying the time 
of interruption of the primary circuit. 

Construction of Magneto. The constructive details of this mag- 
neto are shown in Fig. 141. The end of the primary winding is con- 
nected to the brass plate 1. In the center of this plate is screwed the 
fastening screw S, which serves, in the first place, for holding the 
contact breaker in its position, and, in the second, for conducting 
the primary current to the platinum screw-block 5 of the contact 
bleaker. Screw 2 and screw block 5 are insulated from the contact 
breaker disk 4$ which has metallic connection with the armature core. 
The platinum screw 6 goes through the screw block 3. Pressed again.st 
this platinum screw by means of a spring 6, is the contact breaker 
lever 7, which is connected to the armature core and therefore with 
the beginning of the primaiy winding. The primary winding is 
therefore short-circuited as long as lever 7 is in contact with piatinum 
screw 5. The circuit is interrupted when the lever is rocked. A con- 
denser 8 b connected in parallel with the gap thus formed. 

The end of the secondary winding leads to the slip ring 9, on 
which slides a carbon brush 10, which is insulated from the magneto 
frame by means of the carbon holder 11. From the brush 10, the 
secondary current is conducted to the connecting bridge 12, fitted 



210 


OAS AND OIL ENGINES 


with a contact-carbon brush /S, and through the rotating distributor 
piece /4. which carries a distributor carbon 15, to the distributor 
disk W. 

In the distributor disk 16, are embedded metal segments 17. 
During the rotation of the distributor carbon 15, the latter makes con- 
tact with the rcsjK'ctive segments, and always connects the secondary 
current with one of the contacts. 

The contact breaker is fitted into the rear end of the armature 
spindle, which is bored out and provided with a ke^'W'ay. The con- 
tact breaker is held in position by screw 2. The short-circuiting 
and interrupting of the primary <*ireuit is effected by means of the 
contact-breaker lever 7, on the one huiul, and the fiber rollers 19, on 
the other. As long as the lever 7 is pres.s<‘<l against the contact screw 
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6, the primary circuit is short-c'ircuitnl, and the rocking of the levers 
by the fil)er rollers 19 effects the break of the primary circuit; at the 
same moment ignition takes place. The distance between the 
platinum points, when the lever is lifted on the fiber rollers, must not 
exceed .5 millimeter (approximately inch). This distance may 
be adjusted by means of the screw 5. 

Spark Plugs, The part of a jump-spark system that is most 
likely to give trouble is the spark plug itself. The spark plug con- 
tains two electrodes, with an air gap which is usually between ^ and 
inch. One of these electrodes is grounded, the other is insulated 
as perfectly as pos.sible. The difficulty is in keeping the insulation 
good under the very high voltages of the secondary circuit. Not only 
must the insulation be electrically good, but it mu.st also be gas-tight 
under the high pressures existing in gas^ngine tiylinders. 
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Some common forms of spark plugs are shown in Fig. 142. They 
all consist of three fundamental parts — the p/uy body, which screws 
into the engine cylinder and is thereby grounded; the insulated 
electrode, and the intulaiing body. The insulation is effected by the 
use of either porcelain or mica. The former is the more brittle, 
and, as it is subjected to a high tempetature inside the cylinder and 
a low temperature outside, the unequal expansion resulting is liable 
to crack it; moreover, it is not well adapted to withstand rough 
usage. 

Mica insulation is built up of washers of sheet mica, generally 
without any cement between the washers. It is free from the general 
objections to porcelain, and is being largely used. With either form 
of insulation, however, trouble is likely to arise from the sooting of 
the plug-'thut is, from the dejKJsit of carbon on the plug. This 
deposit is most likely to form on the surface of the insulator, and 
forms u conducting bridge from the insulated electrode to the plug 
iKxly. Even if the spark plug works satisfactorily when tried in the 
open air, it may not work in the cylinder, as the greater resistance 
which the compressed gases offer to the jumping of the spark may 
cause tlie current to go over the surface of the insulating material if 
this is not clean. To increase the resistance to such leakage of the 
current, the surface of the insulator is often made greater by cor- 
rugatiotis. 

In Fig. 142, the first plug is a closed-end plug. Some of the 
charge is compressed into the plug; and being the part of the charge 
that is first ignited, it expands and ni.shes out of the enclo.sed space so 
violently as to prevent carbon deposit. The second and third 
are of the open type. The fourth plug is another example of the 
closed type; its insulation consists of a mica tube inside a porcelain 
tube. Thf porcelain is held in place, gas-tight, by an accurate taper- 
ground j4|nt without packing. The spring on top takes up heat 
expansion of the porcelain. The fifth plug is of the open type, 
with four grounded electrodes around the central electrode; there are 
two porcelain bushings around the insulated electrode. 

The electrodes are sometimes of platinum, but more commonly 
of niqkel steel, which resists oxidation nearly as well as platinum, 

Conpariion of Ignition Systems. A comparison of the magni- 
tude and duration of the current flowing in the various methods of 
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ignition is given by the curves in Fig. 143. With make-and-break 
ignition, I'ig. 143o, the current increa.ses from the time the contact 
points are brought together till the circuit is opened; then the arc is 
drawn, and lasts while the coil, which is still receiving current from 
the source of electricity, discharges its magnetic energy; this time 
may be alwijt five-thousaiwfths of a second. With high-tension 
ignition without a vibrator, Fig. 1436, the only difference of the 
primary current curve from Fig. 143* is that by the action of the 


^ aw - — — condenser the primary break 

instantaneous. The re- 

— l\ suiting secondary-induced 

® 1 ; } \ current isof smaller amount, 

; instantaneously to its 

j I maximum value, and lasts 

j about one-thousandth of a 

I second. With a vibrating 

pig^ having the 

* -i-f — £2222'^ same duration of closing of 

i k the primary circuit by the 

! J timer as in the previouscase, 

I ' thereissccntobelessenergy 

j* [ for each spark in the second- 

-p-j [ ary, as the current does not 

J /i /I A 

« 1' ir Lv LW 1 jJ\rriwry Hiary during the shorter 

1 contacts. 

I ~ r i \ The make-and-break 

; iV iV. Jv — I system of ignition gives a 

FI*. 143. c«nr#8howia*Coraptr«tiveMi*w««s« hotter spark End onc of 

Syttoou of ifBitioo longer duration than is ob- 

tainable with jump-spark ignition, and hence gives more effeetive igni- 
tion; it is used almost exclusively in large engines. This system is, 
electrically, most simple, but mechanically it is complicated. The jump 
spark, on the other hand, is mechanically simple, while the electrical 
system is complex. The mechanical simplicity of the jump-spark 
system has led to its practically exclusive use in automobile and 
motor-boat engines; moreover, it is better adapted to high speeds of 


rotation. 
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ENGINE DETAILS 

GOVERN INQ 

Functions of a Qoveraor. The governing of an engine means 
the control of the power which it is developing, so that its speed is 
maintained practically constant. If the 
engine develops more power than is Re- 
quired, the engine will speed up; if the 
power delivered to the crankshaft is less 
than the resistance there, the engine will 
slow down. The governing of a gas engine, 
like that of the steam engine, is effected by I 
utilizing small variations of engine speed 
resulting from change of engine load. The 
controlling mechanism, or the governor 
proper, does not differ from that used on 
the steam engine. If the work that must 
be done by the governor proper, or regu- 
lator head, in moving the governor valve 

mechanism to correspond with changes in «/ ouo Oa$ Kntiju Wori$, 

the load is light — as is the case in small and 
medium-power engines — a fly- 
ball or an inertia governor is 
generally used, as seen in Figs. 

144 and 153, respectively. If 
the valve mechanism is heavy 
and apt to stick because of 
impurities in the gas — as in a 
large engine — a regulator head, 
such as is shown in Fig. 145, is 
employed. The way in which 
the governor mechanism con- 
trols the work done by a gas 
engine is very different from 
that employed in a steam en- 
gine. There are two general 
methods in use in gas engines Fk hs Hartung Reguutor HmmI 
for varj ing the power-one by 

vaiying the number of explosions or impulses per minute, which is 
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known as the hit-and-misa system; and the other by varying the 
magnitude of the impulse while keeping the number per minute con- 
stant, which may be called the tariable-impuke system. 

Hit-and-Miss System. Method. The omission of the explosion 
or impulse can be obtained in several ways. The most common 
method is to keep the gas-adipission valve closed so that air alone is 
taken in during the admission stroke, and, consequently, there is no 
explosion. A method of accomplishing this is to be seen in Fig. 144, 
in which a loaded centrifugal governor is .shown driven by bevel 
gearing from the camshaft. In the position shown, the gas-admis- 
sion cam d will come under the reel c, and will start to lift it at the 
beginning of the admission stroke. The reel c is loo.se on a spindle 
at the end of the horizontal lever e, and the vertical rise of the spindle, 
due to the action ci the cam, opens the gas valve by a system of 
levers not shown in the figure. If the engine speeds up, the rise of 
the governor balls raises the .sleeve on the governor spindle, lifts the 
horizontal arm of the Ix'll-crank lever fulcrumed at a, and shifts the 
forked end b of the vertical arm to the right, carrying the reel c with 
it, so that the cam no longer engages it and no gas is admitted. When 
the speed comes dowm to normal, the reel is moved back, and the 
admission of gas again takes place. 

Dimdvantagea. The hit-and-miss method is open to the objec- 
tion that it makes the si)eed of the engine very irregular at any other 
than full load. Even at full load, with the Otto cycle and a single- 
octing cylinder, there is only one motive stroke or impulse in four 
strokes, instead of one every stroke as in a double-acting steam 
engine. If the engine governs by the hit-and-miss method and is 
running at half-load, half the explosions will be omitted, and there will 
be but one motive stroke in eight; at one-third load, there is but one 
motive stroke in twelve; and at quarter-load, one in sixteen. Running 
at quartei^load, the engine will be speeded up during thq motive 
stroke, and will slow down during the succeeding fifteen strokes, till 
it gets to normal speed again. The actual variation in speed at low 
loads can be reduced by use of a heavy flywheel ; but with thb method 
of governing, it is too great for use when close regulation is necessary, 
as, for example, in electric lighting. An incidental advantage of this 
method is that, during idle cycles, the cylinder is flushed out by the 
tcattnging charge of air, making the next explosion more powerful. 
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For loads approaching full load, where the number of misses is 
small, the explosion directly following a miss will be more powerful 
than the average, but those succeeding it, before another miss, will 
each be weaker than the first one, due to the fact that when there are 
no misses the gases remaining in the clearance are not scavenged out, 
and dilute the charge with inert gases. M very low loads the number 
of misses greatly exceeds the number of explosions and, for that 
reason, the first explosion following a miss will be weaker than the 
average, due to the fact that the cylinder has been cooled off by the 
large number of scavenging charges of cool air, and, therefore, the 
first charges are somewhat slow-burning. These facts odd to the 
irregularity of governing and although, t|KH)retically, this system 
gives the best fuel consumption, practically, the efficiency is extremely 
variable. 

In engines which have an automatic admission valve, the 
omission of an explosion is sometimes effected by the action of the 
governor in keeping the exhaust valve open throughout the cycle. 
The free communication between the cylinder and the outside, 
through the exhau.st valve, prevents the formation, during the 
admission stroke, of the vacuum necessary to open the admission 
valve. Con.st'quently, so long as the exhau.st is op<*n, the admission 
valve will remain clost»d; the cylinder will contain only products of 
combustion; and r>o explosion can occur. This system ha.s the draw- 
back that the cylinder is not scavenged at all. 

Variable- Impulse System. The amount of work done in a 
given gas engine dejjcnds on the strength of the charge {qualitatite 
governing), on its amount {quantitative governing), on the timing of 
the ignition, and on several other factors. The engine can be governed 
by the variation of any one of these systems or a (combination of any 
two; and the three .specifically mentioned are all in regular use for 
this purpo.s^. 

Qualit^ivc Governing. If the governing is effe(rted by varying 
the strength of the charge, the control has to be such that the mixture 
b always an explosive one. With each kind of gas used in an engine, 
there are both higher and lower limits to the amount of air with which 
it may be mixed if it is to remain an explosive mixture. If the ratio 
df air to gas should be outside these Kmits, the mixture sent to the 
eahamrt would be unburned, and valuable gas would be lost. U 
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naturally follows that if tho engine goes above normal speed when 
admitting the weakest explosive mixture, the power of the engine 
has to be further reduced by omit- 
ting the admission of gas entirely. 
In Fig. 140 is shown a device for 
governing in the manner just de- 
.st ribe<I. The governor d is driven 
from the camshaft c through the 
lK*vel gears shown. The gas is 
admitted by raising the end of 
the lever, ori which is a reel b sim- 
ilar to c in I-’ig. 144. The sleeve a 
is free to slide on afeather on the 
camshaft r, its exact iK)sition being 
<'ontr()lled by tlie gox’crnor through 
the bell-crank lever r. On the sleeve 
a is a series of cams of the .same 
Fic. i4fl. skrtch showinn Typirai Onvor- tlirow, but of different circuinfer- 

nof UpcralmK tnilnr QuautiUtvi* System 

ential lengths. The duration of the 
admission of gas is varied by shifting the sleeve so as to bring different 
cams into engagement with h. In the position shown, tlie engine is 
above normal speed, the sleeve is at extreme i>osition to the right, and 



no gas is being admitted. As the speed of the engbe falls, the sleeve 
travels to the left, admitting gas for a definite period for etch engine 
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speed. With full load on the engine, the reel engages with the longest 
cam, and the strongest mixture is admittetl to the cylinder. 

With this method of governing, the same amount of the mixture 
is always taken into the cylinder, aiul, conswjuently, tlie pressure at 
the c!id of compression is always the .s;inu*. The explosion, however, 
l)eeomes weaker as the mixture is “leaner”, and requires u longer 
time ft>r its completion. A comi>arison of the areas of Figs. 8 and 10, 
pages 22 and 2.'^, slaovs the effect of a weaker mixture on the |K>wcr of 
the engine. Ihe manner of applying this nietluHi of n’gulation to a 



Fig 1 Oiaurnin Showing Mixing Vnive of WMiinghnum Thn>ttli; Governor 
Courlrty vj H'rxri/igAaiMC Machxnt Company, I'xUtburgk, Ptnntyltania 


large gas engine is described on page 121, and the details of the 
construction of the governor mechanism are shown in Figs. 65 and 6fi, 
pages 122 and 12*1. The effect of a considerable fluctuation of load on 
the indicafor cards, with this system of regulation, is shown in Fig. 147. 

Quantitaiive Governing. It is found, in practice, that there is a 
certain strength of the e.xplosivc mixture which gives the most 
economical running of the engine. It is obviou.sly desirable to run the 
engine with a mixture of this .strength; and that can be done when a 
hit-and-miss governor is used. When it is desired to have an impulse 
every cycle, a constant strength of mixture can be maintained ii the 
power of the engine is controlled by varying the amount of the 
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mixture taken in. Two methods of obtaining this system of regulation 
are in practical use: the throttling method, in which the mixture pro- 
portions are kept constant and the charge is throttled down through- 
out the suction stroke by governor-operated valves; and by the cut- 
off method, in which the inroming charge is completely cut off by 
the governor at some point in the suction stroke, the charge expand- 
ing for the rest of the stroke. 



Fi|. 149. Oovanor of WwtinihouN Gu FaciBe 
ComHmv IfMn'iiffAmM Maehitu Company, PHUburgh, Frnntyltanui. 

Throttle Governing. An example is shown in Figs. 14§ and 149 
of the actual mechanism u.sed for this purpose. Gas from the pas- 
sage 0 enters the mixing chamber M where it meets air entering 
from A through a similar passage. The mixture flows from the mixing 
chamber to the governor-valve chamber C. The governor valve 
D is a double-beat poppet valve, so that the mixture flows from the 
governor-valve chamber at the middle of the valve to the engine 
inkt passage £ through both the upper and lower valves, as shown 
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by the arrows. The relative amounts of gas and air arc regulated 
by the two levers // II, which operate the two plug valves in the 
gas and air passages. With the two levers in eonstunt jmsitions, the 
areas for admission of gas and air to the mixitjg chamber M will be 
fixed, and consequently the strength of die mixture will Im' constant. 
The actual amount of the mixture enteririg the cylinder i.s controlled 
by the governor II, through the governor lay shaft/'’, so that the 
governor valve P is al- 
most closed the mix- 
ture is throttled when 
the .sp<'ed increases. 

This rnetluHl of gov- 
erning ix'rmits a perfect 
adjustment of the work 
done in the cylimler 
each cycle, and conse- 
quently gives more uni- 
form speed of the engine 
than any of the methods 
so far described. Another 
methotiof accompli.-ihing 
it is show'll in Fig. 1 .W. The 
air and gas pass through 
a mi.xing valve which 
controls the proportions 
according to the power demand, before it roaches the throttle valve. 

The throttling of the mixture imposes extra work upon the engine 
during the admission stroke, as the pi.ston has to move out with a 
vacuum behind it. At the end of the admission, the pressure in the 
cylinder will be less and less as the load on the engine becomes smaller, 
and, con^uently, the pressure in the cylinder at the end of com- 
pression is le.ss as the load decreases. With decreased compres- 
sion, the combustion of the mixture is slower This is w'ell shown in 
F'ig. 151, which gives a series of indicator cards taken at different 
loads from an engine using a strong mixture and a throttling governor. 

The throttling governor valve shown in Figs. 148 and 149 has 
the inherent disadvantage that the mixture is made at the valve and, 
consequently, the passage from the throttle valve to the inlet valve 



Fi« l.W T hrmilr (jovrrtinr of (’rri'M'fry I'inguis 
Courfrfy of ('rnr,lf\/ (in* Ktiginr I 'umpatlif, 
Manckriiter, England 
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is full of explosive mixture at all times, so that there is a considerable 
Volume of gas to explode in the inlet passages if a back fire should 
occur. The valve shown in Kg. 
150 has the additional dis- 
advantage that the pull on the 
valve, due to the engine suc- 
tion, is unbalanced and tends 
to pull the governor to a posi- 
tion that does not correspond 
Fii. 151. indirgior CurdHTiikm kt Different to thc speed of the engine. 

Load*; Qiiantitaiivp lleculation * ° 

The valve shown in Fig. 
152 overcomes Iwth of these disadvantages, as the pull due to the s,uc- 
tion of thc engine is balanced by acting in opimite directions on two 
disks and thc gas and air arc prevented from mixing by the collar on 

the valve stem between 
the gas and air disks. 
This collar forms a slid- 
ing fit in the partition 
between the gas and .air 
passages. The gas and 
air arc conducted to the 
inlet valve in separate 
passages and do not mix 
until the inlet valve opens 
(see Figs. 56 and 57 and 
page li3) and thus, in 
case of a back fire, the 
explosion is confined to 
the small volume of mix- 
ture contained in the 
inlet-valve cage. 

In the engines shown 
in Figs. 49 to 68, the 
*“■ “m-Slr throttling method ol rtg. 

Ctmrtun ol Comporng. ulatiott W slmOSt UniveN 

sally employed. 

Cut-Off Governing. Another method of accomplishing quaoti- 
tati veregulation, as has been already pointtd out, is to admit a 
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mixture at atmosp]u*ric pressure for part of the admission stroke 
only, the duration of the admission being detennineil by the governor. 
This method of governing gives an indicator card similar to Fig. 7, 



Fn{. l.'i.l. Oov^ftKir H-if. Vnlvr, and Chjc nf Albor.'or Anifiiiniii' f’til OIT Cniioo 
Courlr.^u o] t'lgint (.'umixiiiy, liujJuVi, Nur Yi/tk 


page 20. The difTcretice between an engine governing in this way and 
C)!JC governing by the throttling metluKl, is similar to that between a 
Corlis.s steam engine and a throttling steam engine. The advantage 



Fit. 154. Sectional Vifws of Albcrcer Automtiic rut-OII Vtiv* 

Covrttiy of Atbfrger Gai Engint Company, Buffalo, Keu> York 

[>f cut-off governing is in the decreased work done by the engine in 
drawing the charge into the cylinder. The use of a partial charge, 
whether obtained by throttling or by cutting-off, permits the expan- 
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sion of the exploded mixture to a pressure lower than is possible in an 
engine admitting a full charge and having the same pressure at the 
end of compression. This is the practical method of obtaining the 
increased expansion, the advantage of which has been already 
pointed out in the section on 
Thermodynamics. 

In Fig. 153, the valve-ac- 
tuating mechanism, and Rites 
inertia governor of a ciit-()fT 
.system a re shown . I n ?'ig. 1 54 
the cut-olT valve is .shown in 
position iti the inlet manifold. 
The valve unrl valve cage each 
have thesameniimWrof ports 
of equal width, the jwrts in the 
valve being longer than those 
in the cage, 'riic cage is located 
entirely in the manifold prop- 
er, while the valve projects 
through the manifold into the 
gas and air inlets on either 
side. Across the (‘enter of the 
valve, a partition is ca.st so 
that the gas enters the mani- 
fold al>ove and the air below 
this partition. By raising or 
lowering the valve, by means 
of a thumbscrew, the partition 
in the valve. is rai.scd or low- 
ered and the relative ga.s- and 
air-port oi^nings can be va- 
ried, while the total opening 
remains mistant, in order to 
adjust by hand for widely 
varying gas quality. 

The valve is opened and closed by a slight rotary movement 
impnrtc'd to it by the actuating mechanism, which is driven by the 
equivalent of a variable length crank mountfd on the governor bar. 



Pi|. Rcrtionii Khnwini| Variabln Admisnion 
Oovernlni o( Cropulry Kn«inf for l.iKhi 
and Full l.oadi 

CaMrlMy «/ Croulfu <Sa* Enffitif Cimpany, 
Manchfiltr, SngianJ 
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A well-known English method of "variable admission" or 
qi|antitativc governing is shown in Fig. 155. 1'ho governing is 
effected by varying the lift of the inlet valve by varying the |:K).sition 
of the fulcrum A on which the radius-lever li rotates. The control 
of the position of the fulcrum by the governor is evident from the 
drawings. The mixture of air and gasf takes place at the admission 
valve. 

When economy is not of the greatest iinjwrtanee, tlie power of 
the engine may be controlled by varying the point of ignition. It has 
been shown already, Fig. KM), page 175, that the power of the engine 
decreases as the lead of the ignition becomes less. If the ignit ion occurs 
after the beginning of the stroke, the leatl is said to be negative, and 



the power is greatly decreased. If the h‘ad is increased, Fig. 110, 
there still results a decrease of power. The f-ontrol of the power 
by varying the ignition alone is always uneconomical, but the method 
is one of extreme simplicity. 

With qualitative regulation the spark shouM lie advancnl, with 
decrease of load, over the setting at maximum load in order to allow 
more time for the combustion, which is slower with the weaker 
mixture, Fig. 147. 

Combined Systems. The best of the modem methods of govern- 
ing is a combination of the qualitative and quantitative methods. 
As the power of the engine decreases, the strength of the mixture is 
decreased till the most economical mixture is reached. For bwer 
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TABLE XIV 

Data on Engines Giving Efficiency Curves of Fig. U, 


CtmvB 

No. 

Type or ENOtNB 

Ra 
b.h p. 

rcD 

r.p.m. 

Fuel 

Governinq 

SraTBM 

1 

2 

Dcutz, flinglo oylindcr. . 

Wc8tinghoti.se, 3-ryHn(lcr 

, .'M) 

200 

Illuminating gaa 

Throttling 

gaa 

qualitative 

Throttling 

mixture 

(luantitativc 

3 

vertical 

!V*ti(j! 

KK) 

■l.'iO 

270 

Natural gaa. . . 

Protluccr g!i.s. . 

4 

(Siihincr, ninglc cylinder 

3.'i 

22t) 

Producer gas. . 

Throttling 

Throttling 

gas 

S 

Nilrnbcrg 

1200 

100 

BhcHt-furnaco 
gas 

I) 

Swiderski, Hinglo ryliiwh-r 

l.'i 

2:»5 

Alcolml 

Throttling 

Throttling 

7 

Doutj!, Hinglc rylinticr. 

IJ 

2.S5 

Aletthol 

8 

Dicwl 

70 

15S 

Russian kero- 
w'ne 

Cut-off 

0 

DioHcl 

s 

275 

Ivero.sonc 

Cut-off 

Regulating 

oil 

llit-and-miss 

10 

Ilornshy-Akroyd 

25 

202 

Kerosene 

11 

lianki 

25 

210 

Cijwtolino with 
water injec- 
tion 


loads, tills most ccotioinicul mixture is kept, but the amount of it 
admitted to tlic cylinder is decreasctl. 

The cards shown in Fig. 15G arc taken from an engine which has 
a combination of the qualitative and quantitative methods of regu- 
lation, and besides has a governor-actuated ignition advance, so that, 
as the load falls off, the ignition is advanced to give ns nearly constant- 
volume combustion as the mixture will allow. The operation of the 
mixing apparatus is as follows; With a maximum ItMxd on the engine, 
the quality of the mixture is such as to give the highest mean effective 
pressure and the niaximura compression possible. When the load 
falls off, the strength of the mixture decreases until the load on Uic 
engine has decreased to about 25 pi’r cent of the maximum load. 
After this, from 25 per cent of the maximum load down to 
friction load, the charge is no longer weakened but is varied in quan- 
tity by throttling. It will be noticed by e.xamining these diagrams 
that the compression is practically constant for all loads except the 
very lowest. It will also lie ohservtHi that the combustion is much 
more rapid throughout the range of loads than is the case in Figs. 147 
and 151. 

A few typical efficiency curves of engines fitted with the 
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various systems of regulation, for various percentages of the rated 
load, are shown in Fig. 157. Table XIV gives the explanatory 
data corresponding to these curves. 

VALVES AND VALVE GEAR 

Valves. The inlet and ejshaust valves in gas engines are nearly 
always 'poppet or mmhroom valves with conical seats similar to those 
shown in Figs. 44 to 107. The lift is usually about one-fourth the 
diameter. The exhaust valves 
arc nearly always mechanically 
operated; the main inlet valves 
are sometimes automatic. The 
automatic valve is similar in 
action to a pump suction 
valve, and is kept on its seat 
by a weak spring, opening only 
when the pressure in the cyl- 
inder is sufficiently below the 
atmospheric pressure to permit 
the latter to overcome the re- 
sistuiu*e of the spring. Con- 
sequently, the suction or ad- 
mission pressure in the gas 
engine is always low when auto- 
matic inlet valves are used. 
The effect is to decrea.se the 
amount of the charge taken in, 
the work done by the engine, 
and its efficiency; the only ad- 
I 5 .S Vnivo Ntoiion (or Aibcrger F.miw, Vantage is the greater simplic- 

Vatvi'M, III II IiicliPi in DianiPirr , . , - 

CraMrav «/ Mhfrurr Ca* Engine Citmpang, ity. Most Small gaS CnglneS 

Uuifnlo. A'. I* Yurk I ^ • 1 * I 

have automatic mlet valves. 
A positively actuated admission valve is shown in Fig. 158. 
The valve is lifted by a cam o on the side shaft 6, through the lever 
fulcrumed at c. The valve closes by its own weight, assisted by a 
spring, and is guided in its motion by a long sleeve. The valve chest 
is completely water-jacketed. The exhaust valve is located directly 
behind the admission valve and is actuated by a similar m ech a nis Bi . 
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I his arrangement of valves and method of actuating them, as applied 
to larger engines, is shown in Fig. 159. In this arrangement the inlet 
valve is locati*d directly over the exliaust valve and is actuated 
through an additional lever and ro<l as 
shown. Other positively actuated inlet 
valves are shown in preceding figures. 

The pressure in the cylinder when 
the exhaust valve opens is generally 
from 25 to 45 pounds above the atmos- 
pheric pre.ssure, and the exhaust valve 
has to be lifted against this ]iressur<\ 

With a mushroom valve 4 inches in 
diameter, and with 40 pounds pressure 
per square inch at the end of expan- 
sion, there would be a total pressure* 
of about 5(K) pounds on the valve at 
the time when it is to be lifted. It is 
desirable to more favorably take care 

. ^ I * 1 • f”'* I'jf*. 'al VO Motion lor Albenwf 

of the strain on the valve inechamsni, Ki.(tiii«VBivctK»rmjinfiJiinch«i 

... .... . »'< l>i«nn'ior 

and in large engines this is sometimes «/ an* Sninn* 

done by making the exhaust-valvt* ' ‘"".^^^' 1 '?“/“^"’ 

actuating rod lift the valve, rather than push it up; thus putting the. 
rod in tension instead of compression. 

Valve Gearing. Cam/t and Kcceniriat. I’he valve.s are most 
commonly o|K“rated by cams. Cams are pref- 
erable to ec<*entrics f(»r this purpose, because 
they can l>e designiHl to give very prompt 
opening and closing.. In large engines, how- 
ever, cams soon become noisy, due to wear 
caused by the heavy total pressures the cam.s 
must lift, j^'or that reason, eccentrics arc 
substituted in large engines in place of cams, 
the slower o|X'ning and closing lieing more 
than off.set by the quietness of running. The 
cam.s or eccentri.'S are mounted ujjon a lay 
8haJt,orside8haft,orcamshaft. The camshaft >«> T,.p,of.Spir.iG«, 
b driven in different engines either by jp«r gram, brpel gram, or spiral 
or ikew gears. The spur gear (see Fig. 27) can be used only for parallel 
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shafts; the bevel gear, for shafts which are in the same plane but are 
inclined to one another; and the spiral or skew gear, Fig. ICO, for 
shafts which are not parallel and do not lie in the same plane. To 
reduce the speed of the camshaft, the spur and bevel gears must have 
the gear on the camshaft twice the size of that on the main shaft. 
With the spiral gear, there i%no necessary relation between the diam* 
eters of the two gears and, generally, the gear on the camshaft is 
smaller than that on the main shaft. The spiral gear has great 
advantage over the other two in its quietness of operation. 

D(nible4Jear Drive. In large gas engines the lay shaft is some- 
times driven by two sets of spiral gears, in which case the only duty 
of the first lay shaft is to drive 
the .Kcond lay shaft and the 
regulator head. The duty of 
the second lay shaft is to oper- 
ate the valves, igniters, etc., 
and to that end the eccentrics 
and cams are all mounted on 
the second lay shaft. It is a 
very common practice in such 
drives to have an odd number 
of teeth on the spiral drive 
gears— or, as it is called, a 
“hunting tooth“. By this 
means the same two teeth, on 
driver and driven gear, come 
into contact infrequently and the wear on the teeth is evenly distrib- 
uted around the gear and the life of the gear thus increased. 

Valve Settiiq;. Moderate-Speed Engine Practice. The timing of 
the various events in an Otto-cycle gas engine depends greatly 
on the speed of rotaticn of the engine; the higher the speed, the earlier 
should be the exhaust and the ignition. For engines of moderate 
speed, the exhaust valve opens from 30® to 60® before the crank 
reaches the mit dead center; and closes when the crank is on the tn 
dead center, or shortly after, sometimes as much as 15® after. The 
admission normally begins 5® to 10® after the in dead center, and 
ceases about 10® to 20® after the out dead center, with mechanically 
actuated valves. 
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Setting the Valves to Help Scanenging. In some engines, especially 
in the large ones, the fact that the moving column of exhaust gas 
has considerable inertia in flowing through the exhaust port is utilized 
to scavenge the cylinder. Because of this inertia the exhaust gases 
will keep on flowing out of the exhaust port even if the inlet valve is 
openetl as much as 20® l>eforc the in dead center. The inertia of the 
exhaust will also create enough suction on the air to suck some of it 
through the inlet port, driving the exhaust gases out of the clearance 
and at least partially scavenging the cylinder. The gas valve Is then 
opened about 10® before the in dead center, since there is no danger 
of the exhaust gases firing the incoming niixturc as there is a stratum 
of air between. The inertia 
acquired by the mixture dur- 
ing the suction stroke is simi- 
larly utilized to obtain more 
complete cylinder filliiig by 
keeping the inlet valve o|)eu 
until as late as 30® after the 
mi dead center. The advance* 
of the ignition de|)ends largely 
on the kind of ignition em- 
ployed ; it averages about 30® 
with electrical ignition. 

In Fig. 101 is shown the 
valve .setting of one end of a 
large double-act ing horizontal Fig los .p 
tandem producer-gas engine. 

The valve setting of a reversible two-cycle marine Diesel engine 
is shown in Fig. 1C2. In this engine the reversing angle— -the angle 
through which the valve diagram must be displaml in order for the 
engine to lun normally in the reverse direction- for the scavenging 
air is 58®— 26® or 32®, and for the fuel injection is 41®-5® or 36®. 

Typical Valve Timing. The respective lags and leads of a 
high-speed motor— automobile, marine, or flying-machine motor — 
^ould be. greater in proportion as the motor is intended to run at 
higher rotary speed. For a motor intended to run at normal speed, 
say a 4X5-in. motor to run at 1 200 revolutions per minute, the follow- 
ing timing would be suitable: 
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Exhaust oiiens 40“ ahead of bottom dead center 
Exluiust closes 5“ past top dead center 
Inlet ojMjns 10® past top dead center 
Inlet closes 20® past bottom dead center 
In motors intended to run at very high speed, and consequently 
provkUnl with valves of ver> large dianieters, the timing may be 
made as follows: 

Exhaust ojKMis 45® ahead of bottom dead center 
Exhaust closes 10® past top dead center 
Inlet ojK-ns 15® past top dead center 
Inlet closes 30® past bottom dead c*entcr 
If the high-six*ed motor is timed to give the very best output 
at high speeds it will not run so satisfactorily at low speed, and will 
not be as flexible. This is due to the fact that when the exhaust 
valve opens very early, some of the power otherwise available at 
low speed is lost through the exhaust, and when the inlet closes very 
late, some of the charge drawn in during the suction stroke will be 
forced out again during the beginning of the compression stroke. 

The correct valve setting of a Knight sleeve-valve automobile 
motor is approximately ns follows: 

Exhaust opens 55® ahead of bottom dead center 
Exhaust closes 15® past top dead center 
Inlet opens 5® past top dead center 
Inlet closes 40® past bottom dead center 

STARTING 

General Nature of Problem-. A gas engine will not start itself 
in the way a steam engine does, when steam is turned on. It is 
r necessary to get the engine in motion 

means of some siH*ciul source of 
power, before it can take up its nor- 
mal cycle of operations. Generally, 

X this special source of power is not 

V adequate to get the engine moving 

rapidly when it is connected to any 
Fie. 163. icBittMfiutMdiag Deric* considerable load; it is always prefer- 
able, and often necessary, to throw the load completely off the engine 
till it gets under way. 
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In the normal running of an engine, tlie ignition of tlie charge 
occurs before the end of the buck stroke; and, if tlie time of ignition 
is kept the same when starting, there is the possibility, oftbn the cer- 
tainty, that the high pressure of the explosion acting on the piston 
before the crank has reached dead center, will overcome the inertia of 
the engine, w'hich is small because of its low speed, and will reverse 
its direction of rotation. The ignition has to be retarded by some 
device, so that it will not occur till after the crank has passed dead 
center. An example of a device for retarding the ignition (with make- 
and-break ignition) is given in Fig. lt)3. The igniter rod A (compare 
with/. Fig. 117), which is worktsl by a crank on the side shaft B, is 
supported during normal running on the reel C, which is loose on the 
fixed spindle I). In the (Kisition shown, it is just about to trip the 
interrupter lever E on the spindle carrying the movable electrode. 
When starting, the reel C is slid along the sjiindle 1) so that the 
igniter rod .t rests, as show n in the dotted lines, directly on D; con- 
sequently the tripping occurs later. 

Hand Starting. There are several general methods of starting 
gas engines. If the engine is small, not exceeding 10 horsepower, and 
can be disconnccte<l from its load, it is common to start it by turning 
it over by hand for u few' revolutions, till an explosive mixture is 
admitted and ignited. As it is difficult to pull the engine over when 
the charge is compressed for the whole back stroke, most engines arc 
provided with an extra exhaust cam which is put into action while 
starting, and which not only opens the exhaust valve during the 
exhaust period, but also opens it again during the first part of the 
compression period, so that some of the explosive mixture is forced 
out of the cylinder and the amount of compression decreased. The 
explosion of this diminished charge after the crank has passed the 
dead point, starts the engine going; and after operation under these 
conditionsjor several cycles, the engine will come up to speed if it is 
not loaded heavily, and the compression and ignition may then be 
changed back to the normal running conditions. 

Compressed-Air Starting. With large engines it is impracticable 
to start by hand, and other devices have to be used. One of the 
simplest and most certain is to start the engine by the admission of 
compressed air, which acts on the piston just as steam does in a 
steam engine. This method is especially desirable m an engine with 
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several cylinders, in which case one cylinder is used as a compressed* 
air cylinder to run the engine till tiie other cylinders take up their 

normal cycle of opera- 
tions; and then the com- 
pressed air is shut off 
* and thelfirst cylinder is 

put into normal action, 
J If the engine has only 

one cylinder, it may be 
brought to a good speed 
^ I by the admission of com- 

pressed air; and then, 

- after the compressed air 

is shut off, it will con- 
j tinue to revolve by its 

own inertia until an ex- 
j plosive mixture Is taken 

in and exploded. 


Fia. i<n. Typical Air CoinpresBot All arrangement for 

starting a multicylinder engine with compressed air is illustrated 
in Figs. 49 and 101, A compressor, Fig. 104, which is driven by 



f if. IftS. Diagr*mm«tie Arr*iic«mriii o( Cam-Contrullrd CoinprMM(i,Alr Surwr 
C«Hr(My qf Croul*)/ <ku Knfine Cvmfiany, Maneketler, EnflaiU 


a belt from the engine, forces air into a storage tank, and brings 
it to a pressure of about 160 pounds. In case of need the com- 
pressor can be operated by hand. W^eti the engine is to be 
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started, the compressed air can be admitted to one of the cj4in- 
ders. The cam B, Fig. 49, on the upper shaft is first thrown out 
of action, by a special dence, so that the inlet valve J cannot 
open. The hand lever on the outside of the crankcase near the cam 
A is thrown over, putting the ordinary exhaust cam A out of action, 
but bringing into action a double cam ^hich keeps the exhaust valve 
E open throughout every upstroke of the engine. Another cam on 
the same shaft is brought into action at the same time, and operates 
a starting valve on the pipe from the compressed-air reservoir, 



Tk. 1M. ettliint Op»r of rwrhtnlu-Morie Engin* 

CourtMy of Fatrhankf, Mmn, and Company, Chira^fa 

admitting compressed air to the cylinder on every down stroke. 
The cyliyder then acts as a compressed-air cjigine till the explosions 
begin in the other cylinders, when the cams B and A arc brought 
ba^ to their normal positions and the starting cylinder functions 
nonnally. In other engines, compressed air is admitted to the cylin- 
der during the expansion stroke, by manual operation of a special 
valve. After two or three admissions during successive cycles, the 
engine will attain speed enough to permit the opening of the gas 
valve luod the oommenoement of the cycle. 
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The arrangement in Fig. 165 shows diagrammatically a belt- 
<lriven compressor and the other accessories. Tlie air is admitted 
from the receiver at the proper time through the action of the cam- 
controlled valve. 

Combined Hand- and Ignition-Starting. With engines up to 
50 horsepower, a corninou ntethod of starting is to ignite a charge 
which has been drawn into the engine by turning it over by hand. 
The engine is brought to the beginning of the expansion stroke, and a 
definite amount of gasoline is jmt into a cup which connects with the 
cylinder through ati ojhui cock. The engine is then pulled over till 

the piston has made half 
its forward stroke, air 
being drawn in and form- 
ing an explosive mixture 
with the gasoline which 
enters at the same time. 
The gasoline valve is 
then closed, and the en- 
gine turned quickly in the 
opposite direction; the 
charge is compressed as 
much as possible, and 
then ignited. The igni- 
tion is brought about by 
tripping the electric ig- 
niter by hand, or by the 
use of a s|)ecial detonator. 
It is not iM)ssible, with a 
loaded engine, to compress the charge mu< h by hand, so that this 
method is applicable only to engines of nuMlerate size which can be 
disconnecteil from their starting load. , 

If the engine has to start under iiUHlerate load, it is generally 
necessary to supply it with a charge which has Ihmmi compressed to a 
high pressure. This can lie accomplished by setting the engine with 
the crank about ten degrees past the deatl center on the expansion 
stroke, and then pumping an explosive mixture into the cylinder, 
Fig. 166, till the piston begifis to move. At that instant the charge 
is ignited, and the work done by the ex()un.siqn of the exploded char^ 
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will lie enough to start the engine on its cycle of operations. Aiujthcr 
method of accomplishing the some thing is to connwt the cylinder 
K, Fig. 167, with a special starting chumher /). When the engine is 
l)cing shut down, the si)ccial inlet valve A is liftt^l from its .scat, .so 
that at each suction stroke air is drawn throiigh the chamlwr I) by 
way of the valve F. The chamber JJ, the cylinder, and the con- 
necting pipe are thus filled with pure air at atmospheric; pressure. 
When the engine is to l)e started, the gas cock C is oikmumI and gas 
flows both into the chamber I) and into the cylinder, a cock on the 
cylinder being opened. A pilot light 
burns across the opening above the valve 
F, and after a sliort time a combustible 
mixture of air and gas is^ucs and catches 
fire. If the cock (J is then closed, the 
flow of the explosive mixture stops, and 
the flame conseciueiitly .shcads back past 
the valve F and ignites the mixture in 1), 
closing the valve F against an upper face 
l)y the force of the explosion. The 
flame proceeds to the cylinder, the con- 
tents of whicli will have l)et‘n compressed 
by the explosion in D, and causes an 
explosion there. 

Starting Automobile and Marine 
Motors. Electric Motor. Automobile Fib Crwic^ni Air Crmnk («r 

, . ^ . 1 Nlsriiir or AiiUiTmiliilo MoUn — 

and marine motors are often .started r-p viow sbowin« Nf.rm«i Pom- 

. turn i>f Crank; I.riwrr Vifw Hhow- 

cither by an electric motor or by com- tn« Ar^onoi ncvice>nCr»niun» 
pressed air The starting electric motor cwri..^ «/ Gmu sinior campany, 

. . . 1 # 1 • 1 I UftroU, Michigan 

has a pinion on its shaft which can In* 

engaged and disengaged with gear teeth cut in the flywheel, rim. 
The mnjlor is supplied with current from a storage battery, which is 
^e^harge^^ by a generator which is always in gear with the engine. 
This generator is also used to supply current for the electric lights on 
the car or boat. The starting switch is ojierated by the jiedal that 
moves the motor drive pinion in mesh, so that as the gear meshes 
the electric motor is started and when the ga.sorme engine begins to 
function normally the pedal is returned to its original position, thus 
disengaging the drive pinion and stopping the motor. 
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Compressed Air, If compressed air is used, the usual arrange- 
ment is to lead the compressed air from the storage tank to a rotary 
distributor, driven by the camshaft at half the crankshaft speed, 
which distributes the air at the proper time to pipes leading to each 
cylinder, the pijw being connected to the cylinder through a check 
valve which prevents the explosion blowing back into the starting 
air pipe. 

Air Crank. Another device for starting automobile or marine 
motors is known as an air crunk. As shown in Fig. 168 , this appara- 
tus consists of ji frame, a short shaft and ratchet, and a crescent- 
shaped cylinder, in which travels a piston and curved crank arm that 
carries a pawl. 'I'liis air crank is mounted in front of the flywheel, 
and its shaft is attached to the front end of the engine shaft by a 
flexible joint. 

When the operator touches a pu.sh button, a charge of air 
throws the crank arm over half a revolution, the pawl engages 
the ratchet, and the motor is cranked in the natural manner, only 
with such speed and power as to give the motor several complete 
revolutions, a quick suction on the carbureter, and a hot spark from 
the magneto. In most cases, one or two throws are sufficient, but, if 
necessary, the engine can be cranked about fifty times, as rapidly as 
the button can be pushed. 

Starting Large Engines with Compressed Air. I^argc gas engines 
are generally started by comprc.sscd air. One system is the same as 
that described for automobile and motor-boat engines. In another 
system, each cylinder end is fitted with a double check valve — one 
spring-loadtxl valve is held against its seat by the explosion pressure in 
the cylinder, the other check, or “pilot valve”, as it is called, is held 
against its seat whenever the starting air is turned on to the system. 
This pilot valve can be opened by a rod, which is actuated by a cam 
on the lay shaft and, when open, admits the air to the fi(pt valve 
mentioned— -the cylinder check— which is opened by the pressure of 
the compressed air, thus admitting the air to the cylinder. In this 
way each cylinder end in turn receives an impulse from the com- 
pressed air during its normal expansion stroke, the compressed air 
is exhausted during the normal exhaust stroke, and suction and ' 
compression of the mixture occur as in the normal running, to be 
followed by explosion. As soon as all cyliiider ends are firing regu* 
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Uriy, the air is shut ofT. and the pilot valves drop by gravity allowing 
,thc push rods to drop far enough so that they arc not actuated by 
the cams. In this way the starting mechanism is entirely out of 
gear except when it is being used for starting 

With any compressed-air starting gear in which all cylinders 
arc both air cylinders and combustion cylinders during starting, 
great care must be usc<l not to open the gas throttle too wide in 
starting, since, if loo much gas is present with the high-pressure air, 
the explosion pressure may Im; excessive and enough to wreck the 
engine. 

COOLINO 

Air Cooling. In very small engines, it is i)ossil>lc, wlien the engine 
is placet! in a strong current of air, to rcphu“e the water jacket by a 
system of thin metal ribs (Fig. Ififl) or points on the external surface 
of the cylinder. The current of 
air can be ohtninet! either fnnn a 
fan driven by the engine, or, as 
in motorcycle or revolving-cylin- 
der motors, by the movement of 
the engine itself. A cooling 
system in which a suction fan 
creates a current of air about 
each cylinder of a multicylinder 
engine is shown in Fig, 77 and 
described on page 135. 

Water Cooling. Cylinder 
Barrel and Cylinder Head. In 
all the preceding sectional views 
of gas-engine cylinders, it will be 
seen that the cylinder barrel and 
the c}'linder head have double 
walls, an(> in every case provision isiPadc for the active circulation of 
water through the space between the two walls. Without the use of a 
voter jacket or some equivalent device, the engine would be inop- 
erative, not only because the high temperature to which the cylinder 
would be raised by the explosions would vaporise the lubricating oil 
and cause the rapid destruction of the cylinder, but also bccau.se the 
entering mixture would be exploded before its time, by contact with 
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the hot metal. In large gas engines the cylinder and cylinder-head 
jackets are usually separate and are provided with independent 
water circulation systems. 

Exhaiial Valve. The necessity for effective cooling is greater in 
the larger engines; it is nect'ssary to water-jacket the exhaust valve 
in large engines, in order th^t it may not he warped out of shape by 
the high temperature, and may not he hot enough to ignite the 
entering charge. 

As can he seen from the sectional views of engines in earlier 
pages, the effective cooling of the exhaust -valve hea<l is insured 
by conducting the inlet jacket water to the head hv a pipe within 
the valve stem. The water overflows from the top of this pipe, 

cfwlingthc head, and pas.scs 
<lown hetween the pipe and 
the walls of the valve stem, 
thus also cooling the valve 
stem. 'Water is admitted 
and discharged from mov- 
ing valves in a variety of 
ways: hy means of flexible 
connectit)ns made of rubber 
ho.se; hy swing-joint pipes; 
by telesco|H* tubes; by a pipe 
.sliding through a stuffing 
box into a' chamber — a so- 
called “shot gun”; and the discharge may also betaken off by simply 
allowing the moving end of a pipe todisclmrge freely into a catch basin. 

Piston and Piston Rod. I.4irgc single-acting and all double- 
acting engines must have tbeir pistons water-cooled in order to 
prevent over-heating of the machine parts, pre-ignitions, lubri- 
cating and packing troubles. The jacket water can be a4mitted to 
and discharged from the moving piston In any of the ways enumerated 
above in the case of exhaust valves. The means for admitting and 
discharging the jacket water from a large trunk piston is shown in 
Fig. 63, page 119, and Fig. 1(X), page 163, and from a large single- 
acting piston fitted with a piston rod and crosshead, Fig. 102. In 
double-acting engines the piston rod must be cooled as well as the 
piston Itself. This is an advantage, sine? it would b? difficult to get th? 
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water into and out of the piston if the piston rod had to be uneooled. 
Tiic usual manner of cooling the rod and at the same time getting 
the water into the piston and out of it, is shown in Tig. 170. The rod 
is Imrisl from Ixjtii ends, leaving a partition midway of its length. 
The rod is then drilled, top and l>ottom, into the ( hamlaTs thiish)rmed ; 
and the piston, which is provides! witif pijM*s in the jacket space to 
carry the inlet water to the bottom of the piston arul to take the dis- 
charge from the toj) — thus insuring the cooling of the bottom of the 
piston and that the piston shall always remain full of water— is 



Fijc- 1 1 'l. ArrtDfemcDt of Wmter Circul^fioo for EngiM Cylioder Jackcti 

forced on to the rod and up against a shoulder. In this way the water 
is introdutrd at one end of the iwl and disc:harged from the other. 

Industrial gases and blast-furnace, pnjducer, or coke-oven gas 
often contain some sulphur, and if the piston nxis are alloww! to run 
too cold they w ill sweat and the moisture thus formed will combine 
with the sulphur in the gas to fonn sulphuric atifi, which will attack 
the rod and other parts of the engine. In addition, if the rod sweats, 
it is impossible to properly lubricate it, which gives rise to packing 
troubles; and the fact that a film of oil is not protecting the rod makes 
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IJging Cooling Water Orrr When the engine is water- 

jacketed, it is often practicable, with small engines, to use the same 
cooling water over and over ^gain, and there is a distinct econenny 
in so doing when the water must be paitl for. The usual arrange- 
ment, Fig. 171, consists of a vertical galvaniaed-iron water tank of 
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considerable eapacit 7 , t'onnected at its bottom to tlic lower part of 
d»e jacket, and near its top to the up|)or part of the jacket. The 
water in the jacket, being hcattsl, rises and flows to the upper part 
of the tank, wliere it cools by contact with the air and with the sides 
of the tank. Cold water from the bottom of the tank flows to the 
cylinder jacket to take its place. A c( 4 itimious circulation is main- 
tained by the difference of density between the cold and the heated 
water. In large engines, when a large amount of water most be 
circulated, this method is generally too cumbrous; and the water is 
tuk{‘n from some constant source of supply, such as the city mains, 
although if the location of the plant is such that water is exix*nsive, 
a cooling tower or poiwl, in either of which the water is spraytnl and 
cooled by contact with the air, can be, and generally is, installed. 
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A small, incxiH'nsivc installation of this tyjie is shown in lig. 172. 
'I’he piping and valves are alw’ays so arrangetl that it is ixjssible to 
draw the water from the jacket. 

With ptjrtable engines, such as are used for agricultural pur- 
poses, it is generally impracticable to arrange for a water circulation 
in the jacl^et. In such cases it is usual to have a large water chamlxT 
on top of the cyliiwler, Fig. 173, coinmunicaling with the jacket ami 
©lien on to|) to the atmosphere. The water in the jacket will gradually 
Imii away, but inny be rcplciiishe<l occasionally by pouring in a bucket- 
ful of water. 

REGULATING FUEL MIXTURE 

Ah* Supply. The air used in the engiri may be taken from the 
engine room or from tlic outside. The inrush of air to the air pipe 
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mukes a noise which is often ohjectionahle in the engine room, but 
which can greatly rwlucetl if tlie air is taken from a large cliamber, 
as in Fig. 28, where it is taken from the base of the engine. 

Qas Supply. If the gas is taken from the city mains, the intermit- 
tent action of the engine in admitting gas will cause considerable fluc- 
tuation of pressure in the supply pijx*, which is undesirable, because it 
makes variable the amount of gas admitted, and also causes flickering 
of any lights supplied from the .same pipe. To reduce this fluctuation, 
it is usual to insert in the gas supply pipe a rubber bag which partly 
('ollapses during the admission stroke and fills out again during the 
other strokes. Any enlargement in the gas supply pipe will serve 
the same purpose, but the flexible rubber bag is more effective than 
a mere enlargement. 

Methods of Mixing. The air and gas should la* mixed as thor- 
oughly as possible on their way to the cylinder. 'I'his is satisfactorily 
accompllsheil if the air and gas have to pass through a common 
admission valve after they are mixeil, as in Figs. 40 to (>7. 

Regulating Strength of Mixture. The method of varying the 
strength of the mixture depends upon whether the gas is rich or lean 
and whether it is supplied to the engine under pressure, or not. For 
instan(?e, if illuminating gas is use<l, which is supplied under prc.s.sure, 
the strength of the mixture is adjustc«l by throttling the gas supply, 
the air supply being left uncontrolkHl. On the other hand, if the 
engine is run oti produc^T gas made in a suction i)r(xlucer, for which 
the engine furnishes the suction, the air supply alone is throttled to 
vary the stiXMigth of the mixture, since by closing off on the air supply 
the suction on the prixlucer is iiicreastHl, the amount of gas sucked 
into the engine m pro|K)rti*on to the amount of air is incrcasetl, and 
thereby the strength of the mixture is increased. These are the two 
extreme cases and for any intermediate case a combination of both 
methods of control is adopted; Ixith the gas and the air .supply are 
throttled in the correct proportion to get the best possible mixture. 

EXHAUST 

Mufflers or Silencers. If allowed to escape direct from an exhaust 
pipe of uniform cro.ss-section, the exhaust is a source of annoyance by 
reason of the loud noise which it makes. 

As the e.\panded charge is generally at a pressure of thirty to 
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fifty pouncJs af>ove atiuospluTic pri'ssure ut the inomeiil of tlje 
opening of the exhaust, the exhaust starts with very great velm'ity; 
and if p<'rmitted to go directly to the air, it makes a detonating noise. 



Fig. 174. .Slilii lu I'lp** •lui in MuQlcr fur lufliH-tiug Sflrni l,ihau!>t 




To reduce or prevent this noise, various devices, known as mufflers of 
silencers, are in use. For a silent exhaust, the gases should escape 
at a comparatively slow rate; and this has to be accomplished by 
lowering their pressure. 
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TABLE XV 


Comparative Heat LoMei In Large Qaa and Dicael EngInM 



Large Oar Enginbr 

B.t.u. per h.p. 

Dixrbl EMdtiiM 

B.t.u. per b.p. 

Hourly heat con- 

11100-9150 

2800—2650 

43.50—3300 

7150-5950 

79.50—7350 

2000-1800 

2550-2200 

4550-4000 

Hourly heal loal to 
the jacket water 
Hourly heat lout in 
the exhauat giute.^ 

Total hourly heat 
wuated 


The simplest device is to have the exhaust pipe discharge into 
an exhaust chamber or pot, as in Fig. 171, before going to the air; the 
enlargement of volume caus(?s a corresponding fall in pressure, and 
the final escape to the air is consequently at a diminished velocity. 
It is better, in larger engines, to have the admission of the gases to 
the silencer through slits in the exhaust pipe. Figs. 174 and 175, as 
this prevents too sudden an expansion into the exhaust chamber. 
The escape of the gases from the muffler may be either through 
numerous holes in the periphery of the muffler; or through short 
lengths of small-sized pipe, Fig. 174; or through holes in sheet-metal 
cones fixed inside the muffler. Fig. 17G. The repetition of the muf- 
fling device, forcing the gases to go through holes in concentric drums; 
or through two sets of pipe.>, Fig. 174; or through several cones, 
Fig. 170; insures quieter action of the exhaust, but at the expense of 
some back pressure in the cylinder, which, in bad cases, may seriously 
decrease the eiTcctive work done there. In Fig. 176 a central tube is 
shown, to which the gases have free access, and from the end of which 
they escape with high velocity; this gives a so-called ejector action 
to the muffler, the high velot'ity of the gases escaping from tjie central 
tube creating a partial vacuum in the nozzle and helping to suck the 
gases through the muffler. 

It is claimed that an increase of power can be obtained with a 
well-designed muffler using this principle. In large engines it is 
customary to jacket the exhaust pipe. Fig. 175, and also to inject 
some of the jacket water int6 the pipe. This has the effect of lowering 
the pressure of the exhaust gases by cooling them; and it is a most 
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satisfactory method, since it brings no back pressure upon the engine. 
It is not, however, sufficient by itself to make the exhaust noiseless. 

For automobile use, the muffler is usually made about twelve 
times the volume of a single cylinder, however many cylinders there 
may be. It is also provided in some* cases with a muffler ciU-cui, 
permitting direct exhaust to the atmosphere, which is useful in case 
of the muffler becoming clogged, and also for ascertaining, by the 
noise of the exhaust, whether the engine is exploding regularly. To 
make the noise nearly imperceptible, a good plan in stationary 
practice is to have the pipe discharge near the bottom of a pit filled 
with large stones. 

Utilization of Waste Heat. The major portion of waste heat in 
an internal-combustion engine is lost to the jacket water and in the 
exhaust gases, and amounts to about two-thirds of the total heat 
consumpt ion. In the case of large installations the heat is distributed 
approximately as .shown in Table XV. Where warm water of 100 to 
150* F. can be used in the plant— for heating the building, for 
instance— the jacket water can be used directly. 

The exhaust gases themselves are not adapted to the develop- 
ment of power and, therefore, their heat must be absorbed as close 
to the engine as possible by a better heat medium such as the hot 
jacket water. This is done in a cast- or wrought-iron heater. In the 
transmission aliout 40 to 70 per cent of the exhaust heat is absorbed, 
so that in large gas engines about 2000 B.t.u. and in Diesel engines 
about 1400 B.t.u. per horseiwwer hour of the engine rating is recov- 
ered. In the de.sign of the heater, care must be taken that the back 
pressure on the engine is not increased scriou.sly; the cooling, and 
consequent contraction, of the gases tend to diminish the resistance. 
In any ca.se the back pres.sure will be greater than with a free exhaust. 

In a, 1350-horsepower bla.st-furnace-gas engine, equipped with 
an exhaust heater, 2405 pounds of jacket water per hour have been 
evaporated into steam at 100 pounds gage pressure, representing 30 
per cent of the waste heat in the exhaust gases and jacket water 
available in the form of steam, or 20 per cent of the heat delivered to 
the engine. If this steam were used in a turbine about 20 per cent 
of it, or 4 per cent of the heat delivered to the gas engine, would be 
converted into w'ork, thus increasing the thermal efficiency of the 
plant 4 per cent. 
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TABLE XVI 


Hc«t Cost of Various-Priced Fuels 


Fobu 

ItKPBUBNTATtVB PUCU 

B.T.U. roa 
OkbCbnt 


10 10 per lb. 

40 per gal. 

1.00 per 1000 cu. ft. 
.25 per gal. 

1 00 per 1000 cu. ft. 
.20 per gal. 

15 per gal. 

.50 per 1000 cu. ft. 

. 10 per bu (15 lb.) 
.05 per gal. 

7.00 per ton 

5 00 per ton 

600 


2,000 

3.000 

6.000 



CoaT ” 

eihoo 

9,000 

Kerosene 

Natural gas .... 

12;600 

18,000 

20,000 

30,000 

Charcoal 

Petroleum .... 

Producer gas, from anthracite 

Producer gas, from coke ... 

30.000 

36.000 

46.000 

50.000 

54.000 

65.000 

80.000 

Anthracite 

7 00 per ton 

3 00 per ton 

5 00 per ton 

3 00 per ton 

3 00 p<*r ton 

Producer gas, from soft coal 

Coke 

Mood producer gas, from soft coal 

Soft coal 



COST OF FLEL 

Relative Cost of Different Fuels. Cost is one of the most impor- 
tant factors determining the choice of fuel in any engine, In Table 
XVl is given tlie number of B.t.u, that can be bought for one cent 
with fuels at the stated prices. 

The relative cost of power developed by oil, gas, and steam 
engines depends on the cost of the oil and of coal, and this varies with 
the locality and the kind of oil or coal. In refining Pennsylvania or 
Ohio petroleum, not over ten per cent of the oil can be collected as 
gasoline, so that this oil, which is the easiest to use, is not available in 
as large quantity as the heavier oils, and, consequently, has a con- 
siderably higher cost. Kerosene forms twenty-five to fifty per cent 
of the crude oil and is consequently cheaper. Fuel oil and crude oil 
are the cheapest, but are also the most difficult to burn satisfactorily. 

DESIGN DATA 

The figures given in the following pages represent average 
American practice and. in most instances, European practice as well. 

Usual Compression Pressures. In Table XVII are given the 
range of compression pressures and the average practice for the 
most common fuels as used in the various t^pes of engines. 
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TABLE XVII 


Usual Compression Pressures for Different Fuels and Engines 


- 


CoMraCHioN | 



Above At- 


Ft rL 

TvPt or Fnoisc 

Phemurc 

Pbai'ticb 


• 

I-h per iq 

Lb. per iq 
in (loir) 

(•a-vtlitif ill Ciirhii- 




rrlir 

Automobile 

0.". 

6.5 

('ta.stiliiii' 

Stationary 

tMF-ior> 

70 

KlTlIst ht*. . . 

Hot bulb, 2.)0 r pm . 

:«) - 7r. 

(K) 

KrroM-ii - . . 

VaiKHiztsl before ciiteriiig cylm- 




tier 

LV-S.'it 

6.5 

Ali'ohol. . 

Vaiawizetl befort* entering evlin- 



tier 

120-210 

l.W 

I'ufI oil. 

lujeetwi into hot bulb before 




e 0 in p r e .s H i o n Hornsby- 
Akroyii 

•l.-i 

4,5 

Fui-1 oil 

Injeetetl after eompression, Fran- 



1 

ehetti-Otto Oele 

2.'>r. 

2.5.5 


Diesel Cycle 

filO 

.510 

Ntiturul 



3.-. -0 O'; 11,' 

Mtsitum and large engines . . 

7r> - UK) ' 

120 

(V»kf-t)vrn gas . 

l.arge engines (in (leriiiany) 

10.^)' LC. j 

120 

('oal gits 

Mostly small; very few l:irge 




engines 

7.y 120 

100 

Carburet tsl w a 1 <> r 

giw 

Proiliiccr gas 

Mostly small; very few large 
engines 

75 -10.5 

00 

lK%--r)'y M, . 
Bliwt-furnace gius, . . 

Both large and sinall ongines 

100- UK) 

IW 

Largest engini>H built 

120-100 

1.5.5 


* With h<i( niKturc without water injertion. 
t With water ibioetion. 


Compression Spaces. The of)inprcs.sion space, expressed as a 
I)orc‘entage of the piston displacement, for fttiir-cycle engines (assum- 
ing the absolute suction pressure as 12.8 |)ounds per square inch) is, 
on the average, as in Table XVIII. 

TABLE XVIII 


Per Cent of Clearance for Various Types of Engines 


• 

Trrcff OF KxQihfM 

C’oMrar.aaio'i 
pRMHeHr. Amivr. 
ATMiMirNt Rie 

Ml inT wi m. 

Cl >.*RaNrR 

Pi t Crnl 

Gaaoline engines, etc 

4 2 .5 

.al>ou( 40 

llluminating-gaa engines 

N.5 

almiit 2.5 

Produc«r<gas engines. 

i.m 

about 1.5 

Blast-fumace-gos engines 

1.5.5 

aliout 12 

Diesel oil engines . 

.500 

7-8 
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TABLE XIX 

Average Mean Effective Preisurea Obtained with tfw Varioul Fuel# 


Foil 

• 

Mian ErrEcnvt 

PXKMUBK 

Lb per iq. in. 

RiLAnva 

CArACirr 

RarauBO to 

iLLUMINATIWa 

Oab Ekoinb 

AB UWITT 

Natural gaa 

85 0 

1.10 

Illuminating gas 

77.5 

1.00 

CokeK>ven gaa 

77.5 

1.00 

Producer gaa 

62.5 

0.81 

Blaat-fumace gaa 

57.5 

0.74 

Gaaoline 

75.0 

0.97 

Kerosene 

55.0 

0.71 

Alcohol 

55.0 

0.71 

Crude oil (Diesel) 

100.0 

1 20 


Mean Effective Pressures. Table XIX gives the mean effective 
pressures obtained with various fuels, and also the relative capacity of 
the different types of engines, referred to an illuminating-gas engine as 
the standard. 

Diagram Factors. The real value of the . maximum explosion 
pressure or temperature may be found approximately by multiplying 
the maximum pressure or temperature, obtained from the ideal dia- 
gram — adiabatic compression and expansion — by a reduction factor 
which takes into account the decrease of temperature or pressure due 
to heat losses, cooling, etc. The value of this factor is not far from 
that of the card factor, or ratio between the real and ideal efficiencies. 
Table XX gives the values of these factors as found from practice 
for the various fuels. 

Diesel engines operating at rated load with fuel injection for 
about 10 per cent of the stroke have a diagram factor of from 50 
to 70 per cent. The diagram factors of two-cycle engines may be 
taken as 0,8 of those (or four-cycle engines operating on the same fuel. 

Actual Exponent! of Compression and Expansion* Curves. 
Exponent of the Compreetion Line, from Practice, The value of the 
polytropic exponent n is not a constant for the entire compression 
linei owing to the varying heat interchanges between the gases and 
the walls during the compression. The mean value varies from 1.30 
to 1.38 for ordinary types of engines, with an average value through- 
out the compression of about 1.35. Imperfect cooling or high wall 
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TABLE XX 

Diagram Factora for Explosion Engines 


Fur-L j 

I.l*. per S»j In. 

Fai'tor 
IVr Cent 

NalufHl gjis 

1)0 1 to 

10 r, 2 

llluminatirig guK 

SO 

4r, 

Cokc-ovrn giw 

too i.r. 

v, 

Producer gaa 

HNi ItiO 

Kt -.VI 

Blaat-furnare giui 

i;{o ISO 

M) IS 

Gasolinn. 

SO in.'i 

10 (W 

Krrotteno vapori/.pd boforn suction 

■i.-i - 7r, 

:k> 40 

Krroarnc injrcl<*<l 

may run ita l<i\\ 

aa 20 

Alcohol 

‘T.’i .MO 

72 71 


tcinpcruturcs may raise the value of n above the ailiahatie value 
1.105, while loss of cliarjic, because of leaky pistoii-paekinfjor valves, 
will give apparent vahies of n that arc ti>o small. 

Exponent of the ExiHittMton Line, from Prnetire. 'The iH)lytropic 
exponent n of the expansion line varies throughout the expansion. 
At the beginning of expansion, when the ewHug surface of the cylin- 
der is small and los.ses to the jacket are more or less balanced by 
continued burning of the charge, the value of the exponent, in most 
cases, approache.s the adinbatie value. In some ca.ses the heat from 
continued burning may overbalance the entire heat lo.ss, in which 
event the value of n approaches unity. The greater the amount of 
cooling surface uncovered by the piston, the greater are the heat 
losses and the greater the corresponding values of ?f; but, near the 
outer end of the stroke, the rise in the value of n is less rapid, because 
of the rapid fall in temperature of the gas and the con.scquent smaller 
loss of heat to the jacket. Frequently, the value of n varies irregu- 
larly, alternately increasing and decreasing, ol^eying no definite law. 
An increase of piston speed, by reducing the time for heat losses and 
consequentJy the amount of the losses, decreases the mean value of 
n for the entire stroke. From the above, it is apparent that an accu- 
rate average is very difficult. The mean value of n varies generally 
between 1.30 and 1.50, although sometimes an indicator card shows 
as high a value as n equals 1.70. A loss of the charge through 
leaks at various points increases appreciably the apparent value 
of the exponent, while a sticky indicator gives an apparent error 
io the opposite direction. 
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TABLE XXI 


Allowable Piston Speeds for the Various Sizes and Types of Engines 


Enqini 

Allowails PwroN Spied (S) 

Honepow.ir 

Type 

Limiu 

Avenge Pnntioe 

Above 1000 

Stationary 

700-1000 

850 

1000 

Stationary 

700- 1000 

800 

700 

Stationary 

700- 900 

750 

.•iOO 

Stationary 

6,50— 850 

700 

l.V) 

Stationary 

600- - 800 

6.50 

50 

Stationary 

.500- 700 

600 

Small 

Stationary 

4.50- - 700 

550 


Automobile 

600-1400 

7.50 


Allowable Piston Speed. The allowable limits of piston speed 
and average practice for different tyjxjs of engine of sizes varying 
from small to over KXX) horsepower, are given in Table XXL 

Allowable Gas Velocity. The allowable mean gas velocity 
through the valves is given by Guldner as 4500 feet per minute. 
It is sometimes impossible, however, to realize mean velocities as 
low as 4500; in fact, in large engines the velocity is ns high as 6000 to 
8500 feet per minute. With a mean velocity through the valves of 
4500 feet per minute the maximum velocity is approximately 7200 
feet per minute. 

It is good practice to make the diameter of the exhaust-valve 
seat larger than that of the inlet valve in onler to get as much as 
passible of the products of combustion out of the cylinder before dead 
center is reached— the greater diameter giving a larger area with the 
small lift that the valve has before dead center. The exhaust pipe, 
from the cylinder to the muffler, should have a cross-sectional area 
of from 1.1 to 1.3 times the area of the free cross-section of the 
exhaust valve. 

The allowable velocity in the air- and gas-inlet pipes and pas- 
sages may lie taken as from 1800 to 3600 feet per minute, depending 
upon the length of the line— the higher figure holding for lines up to 
35 feet in length. 

Volumetric Efficiency. An ideal engine would take into 
the cylinder, during each admission period, a charge equal in 
volume to the piston displacement and which would be at the 
atmospheric pressure and temperature. The ratio of the actual 
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TABLE XXII 

Influence of the Height Above Sea Level on the Volumetric EfAcicncy 



weight of charge admitted to the weight of the ideal charge is called 
the volumelrie efficiency. In order to obtain as large an amount »)f 
work ja r stroke as |K)ssible, and thus as favorable a use of the cylituler 
vtilume as is attainable, the volumetric efficiency must be made as 
large as possible f)y fliminishing the suction and exhaust resistances 
ami the suction tcmp<'rature~in other wonls, there must Ih‘ as nearly 
wmidete cylinder filling as can Ik; ohtainwl. Sinc<; the absolute 
pressure of the suction stroke ctjuals the barometric pressure mintis 
the suction of the charging stroke, the barometric pressure also 
exerts consideraf)le influence on the volumetric suction efficiency— 
and through that oji the mean effective pressure and the indicated and 
brake horst'powers. 

Infiururc of Altttu4f‘- on Volumetric Efficiency. The ilccrt^ase in 
volumetric efficiency must be especially reekone<l with in the case of 
plants located at a. very high altitude, in conscfjuence of tfic dimin- 
ished barometric pressure. Beciiuse of the altitude the density of 
the charge, the volumetric efficiency of the suction stroke, utkI finally, 
the power of the engine, is decreased. 

Table XXII sliows the effect of the diniinishwl barometric 
pressure, due to an increase in altitude, ujwn the volumetric suction 
efficiency.* 

Values of Absolute Exhaust Pressure and Temperature. T'hc 
common actual values of the absolute exhaust pressure p, and tem- 
perature ( T„ absolute, and t, degrees F.) arc as follows: 

p,~ 15.4 to 16.4 lb. per srp in., absolute 
1260* to 1440® F., absolute 
L»-600®to980®F, 
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Too early closing of the exhaust valve, and very long or too 
small exhaust pipes, may increase these values considerably. 

Common Values of Absolute Suction Pressure p„ and Volu- 
metric Efficiency For Slow-Speed Engines with MechanicaJly 
Operated Inlet Valves, 

• 

p,» 12.5 to 13.5 lb. per sq. in., absolute 
-4.5 to 2.5 inches of mercury suction 
£,«0.87to0.90 

For High-Speed Engines wUh Mechanically Operated Inlet Valves, 

p, = 11.4 to 12.1 lb. per sq. in., absolute 
-6.8 to 5.3 inches of mercury suction 
£,-0.78 to 0.83 

For SlouhSpecd Engines with Automatic Inlet Valves, 

p,» 12.1 to 12.8 lb. per sq. in., absolute 
-5.3 to 3.9 inches of mercury suction 
£,-0.80 to 0.85 

For High-Speed Engines vnth Automatic Inlet Valves, 
p,»ll.l to 11.8 lb. per sq. in., absolute 
-7.4 to 6.0 inches of mercury suction 
£.-0.65 to 0.75 

For Very High-Speed Auto Engines with Automatic Inlet Valves 
and Air Cooling, 

p,-8.5 to 10.7 lb. per sq. in., absolute 
- 12.7 to 8.2 inches of mercury suction 
£,- 0.50 to 0.65 

Suction producers and carbureters increase the suction/esistance 
—•in unfavorable cases they may decrease the above values of £, by 
from 2 to 5 per cent. 

The temperature T, of the suction stroke equals 630® to 810® 
absolute; f, equals 170® to 350® F. 

Volume of Material for Foundations. The average volume of 
material in foundations for the various types of engines may be 
taken at follows: 
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For horizontal engines vriihoul outboard hearings 

14-18 times the norma! brake horsepower, in cubic feet 

for horizontal engines with outboard bearings 

21-25 times the normal brake horsepower, in cubic feet 

For teriical rnginejt without outboard bearings 

7.7- 8.8 times the normal brake horsepower, in cubic feet 

For vpriieal engines with outboard bearings 

9.8- 10.5 times the normal brake horscfMiwcr, in cubic feet 

Mechanical Efficiencies of Engines. I n 'Fable X X 1 1 1 are given 
the average mechanical efficiencies found in prai ticc for the various 
types of gas engines. 

Relative Weights of Flywheels. 'I'hc relative wei^.ts bf fly- 
wheels required to give the same dcgrtH; of regtdarity in speed of 
rotation wdth the same peripheral .speed of the flywheel for different 
numbers and arrangements of cylinders and different fuels, are given 
in Tables XXIV and XXV. 

Weights of Reciprocating Parts. Table XXVI gives the 
proper weights of the reciproc’ating parts per square inch of piston 
surface for explosion engines and constant-pressure engines of 
Various types. 

TABLE XXIil 


Average Mechanical Efficiencies of the Various Types of Engines 


Trra or Emoinb 

MEcii*Nir*t 
Email wcT 

r.Cyck 


Small, hieh-epeed auto, multicylinder, single-actinK 

0.76 


Small, 8iagl»«ylinder boat engine, single-acting 

Small or medium, aingl»>oylinaer stationary, single-acting 

0.85 

0.87 

0 68 
0.7 

Small or medium, twp-cyhnder stationary, single-acting . . 

0 84 


Small or medium, three-cylinder stationiury, sintle-aeting 
Small or medium, fouT’Cylinder stationary, single-acting 

0 82 

0 80 


Large, siiigleKiylinder sutkmary, single-acting 

0.00 

0 70 

Lanp, twQ^lmder stationary, sing^acting 

Larn. four-cylinder stationary, sin^e-acting 

DouMMieting single-cylinder — ....... 

0.86 

to 

0 84 

0 83 

0 80 

0 7.6 

DouMa^eting tandem, twoK^linder 

0 81 

0 73 

Dooblt-aeiing twin taiodem, four-cylinder 

0.77 

0.60 
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TABLE XXIV 

Comparison of Vertical Single-Acting 4-CycIe Engines Operating 


(Relative fljTvheel weights obtained from turning-moment diagram derived from 
actual indicator cards) (Giildner) 
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TABLE XXV 


Comparison of Horizontal 4-Cycle Engines Operating on Lean Oases 

(Relative flywheel weighU.abtainod from lurDing.inomfnt diagram derived from 
actual indicator cards) ((JUldner) 
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TABLE XXVI 

Weight of Reciprocoting Parts for Various Types of Engines 


Kind or Enqinn ^ 

WtioRT or RaciraooATma 
Parts pen So. In. op Futon 

SUNPACN 

EiploMon 

Ei^nw 

CooaUbI- 

PraMura 

8i^(i-Mting Engines: 

Tnink piston, short stroke (/< 1 .5d) 

Trunk piston, long stroke (/>! .. 5d) 

With crosshead (/ - 1 5d to i 3.3d) 

TwoK!ylinder tandem 

High-speed automobile 

.5.5- 8 5 

8 fr-10.5 
12 .5— 17 0 
17 5— 21 .5 

0 .3.5— 0.60 

7.0-1C.0 

10.0- 11.5 

14.0- 18.5 

19.0- 23.0 

Double-acting Engines: 

Single-cylinder, without tail rod 

Single^ylinder, with tail rod 

Twcxyfinder tandem 

Three - cylinder tandem (one of which is a 
blowing tub) 

14 (V-18 0 
17 0-20 0 
21,0-25.5 

28.5 

18., 5-21. 5 
23.0—27.0 



Noras:— I is length of stroke of the engine \ 

di.di«n«torotll»,eylm<l.r ) •’o't It* -«>« »n.U. 

(f< i .5d) is read, stroke less than 1.5 times the diameter. 

({^1 .5d) is read, stroke greater than or equal to 1.5 times the diam- 
eter. 


Thickness of Cylinder Walls. Table XXVII gives for cylinders 
of various diameters D the rcquirnl thickness of cylinder walls i to 
resist the maximum exf)lo.Hion pressure, the reboring allowance z, 
and the total required thickness f-l-ar. The required thickness to 
resist the maximum explosion pressure is based on a maximum 
explosion pressure of 350 pounds per square inch and an allowable 
tensile stress of 3500 pounds per square inch— which is high, but 
'allowable since the maximum pressure acts only at the inner end of 
the cylinder barrel, which, in single-acting engines, is reinfor^ by a 
flange, and, in double-acting engines, by the flange connecting the 
cylinder barrel and jacket wall, a6d by the valve ports. Where a 
cylinder liner is not used a reboring allowance x should be added to 
this thickness. Where a liner is used, the reboring allowance x gives 
its necessary thickness. 

Attendance. In spite of the belief that gas-power plants can be 
operated by cheaper men than steam plants, quite the reverse is true 
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TABLE XXVII 

Re(|uir«d ThlckneM of Cylinder Wells to Resist Maximum Bq^oskm 
Preuure for Cylinders of Different Diameters 



*To allow (or the poaaibla nhiftincof eurm.atr , it U nanMaary that, (or italioBary andnMl, 
thu Ihiokmaa (or oita-pteca cylintirrii up to alMiiil S iiirbri ia iliaokrtor aboulil ba at loaat || in., 
aod tor aeparata eyUodar barrel* at leaat D In- 


if they are to be operated at a maximum of economy and with a 
minimum of trouble. 

GUldner gives the following equations (based on practical 
experience) for the amount of attendance necessary in internal- 
combustion engine plants: 

For illuminating, natural, coke-oven, and blast-furnac-e gas- and 
(or oil-engine plants: 

IF =0.25 VtiXb.h.p. hours 

For producer-gas plants: 

ir = 1.2.5 VnXb.h.p. hours 

in which W is the time of attendance retpiired in hours per day of 
ten hours, b.h.p. is the rated total capacity of the plant, and n is the 
number of units in the plant. ^ 

PERFORMANCE DATA 

Fuel Consumption. Rated Load. Tlie consumption of fuel in a 
gas engine running at its rated load, when natural gas is used, b 
from 10 to 15 cubic feet per b.h.p. per hour; with illuminating gas, 
14 to 18 cubic feet per b.h.p. per hour; wth producer gas, 75 to 1 10 
cubic feet per b.h.p. per hour; with blast-furnace gas, 100 to 135 
cubic feet per b.h.p. per hour— depending upon the sise of the engine. 
These are average limiting results, large engines showing a higher 
economy than smaller engines. 

The consumption of gasoline in an engine of small size averages 
about 0.1 gallon per b.h.p. per hour. In the Diesel motor, the average 
ooDBumption of crude oU per b.h.p. per hour is considerably less than 
0.1 gallM, the average be^ about 0.06 gallon. 
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TABLE XXVIII 

Relative Increase of Fuel Consumption per Brake Horsepower per 
Hour at Partial Loads 



Full 

Load 

1 Load 

1 I,nAD 

1 Ia>ad 


1 00 

1 . as — 1.20 

1 20 - 1.50 

1 . 75 — 2.00 


1.00 

1 . 01 — 1.20 

1 . 20-1 50 

1 . 75 — 2.00 

ProduRnr-guii plant 

1.00 

1 . 15 — 1.25 

1 . 4 . 5 — 1.60 

2 . 30 — 2.70 

(KtiKino anu producer) 
(lAA-prndiieer 

1.00 

1 04 — 1.06 

1 . 10 — 1.15 

1 . 30 — 1.40 

Blast-fumacMEaa onsino 

1 00 

1 . 05 — 1.20 

1 20 — 1.50 

1 . 75 — 2.00 

liOw-profiHure oil engine 

1.00 

1 15—1 35 

1 . 4 . 5 — 1.70 

1 90-2 30 
1 . 40 — 1.90 

Diesel oil engine 

I 1.00 

1 . 02—1 15 

1 . 07 - 1.25 

1 


Ijess Than Normal Load. The fuel consumption jier horsepower 
hour increast‘s |)erccptibly with a tleereiise of load below the normal, 
iiH is shown in Tabic XXVIII. 

No-Load Consumption. In explosion engines the total no-load 
consumption goes as high as 30 to 45 per cent of the total consump- 
tion at normal load—in constant-pressure combustion engines this 
figure is only 20 to 25 per cent. In producer-gas plants the coal 
consumption increases faster at partial loads because of the loss of 
efficiency of the producer as well as of the heat consumption of the 
engine itself. 

Fuel-Consumption Tests for Commercial Engines. Table 
XXIX gives a number of commercial test results for various engines, 
allowing fuel consumption and mechanical efficiency. 

Heat Losses at Various Speeds and Compressions. From 
Table XXX it is seen that the efficiency of an intemal-combu.stion 


TABLE XXX 

Heat Losses at Various Speeds and with Various Compression Ratios 
(Meyer’s Tests) 


Vohi- 

iMtria 

Citmprt». 

■ion 

lUlio 

R.P.M. 

Me»n 
RS»ctiv« 
Prwvmrf 
Lb. per 
Hq. In. 

Ratio 
Om to 
Air 

Hrot 

Volue 

of 

Ch»rt« 

B.t.u. 

Work 

Done 

by 

I B t u. 
Ft -Lb. 

Exktun 

Tom- 

Hr-AT DiBTntnuTioN 

Pm Cent 


Work 

; Jacket 

RxhotMl 


IW 

M 3 

7 11 

18 5 

140 

1022 

18 0 

51 2 

30 8 


347 

51 5 

7 35 

17 4 

141 

1137 

18 1 

45 0 

38 3 


1S7 

a» 3 

7 43 

17 0 

190 

867 

24 4 

S3 8 

31 8 

[in 

£47 

65 3 

7 40 

16 8 

184 

963 

23 7 

49 5 

». 





Fuel C«naumpC*mi of lo««riiol-Coo»bu*tion Etittoos— 1 *»t ( AbbreritioM m in Table XXXI) 
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engine increeses with an increase in the compression. It is further 
seen that an increase in the speed of rotation has no eflfect upon the 
total amount of heat lost to the jacket and in the exhaust, but only 
transfers part of the jacket loss to the exhaust; thb being due to 
the fact that there is less time for the absorption of heat by the 
jacket. * 

An increase in the ratio of compression from 2.67 to 4.32 increases 
the heat loss to the jacket about three per cent, due to the higher 
temperatures obtaining in the cylinder resulting from the increased 
compression pressure with its corresponding increased explosion 
pressure, and decreases the heat loss to the exhaust about nine per 
cent, the net change in the two losses In'ing the increase in the effi- 
ciency of the cycle. 

Heat Balances of Four-Cycle Engines. Table XXXI shows 
the heat balances for 4-cycle gas and oil engines of various types 
with different fuels. 

QAS-ENQINE OPERATION 

General Classification of Troubles. For the succes.sful opera- 
tion of a gas engine, intelligent care and accurate adjustment are 
necessary, as well as an understanding of the processes going on in 
the cylinder. It sometimes happens that the engine fails to start, 
although the ordinary starting operations have been carried out 
faithfully. The most common causes of this difficulty are incorrect 
strength of mixture, failure of ignition, or leakage of the charge. 
The setiing of the gas valve which gives a satisfactory mixture one 
day, may give a non-explosive mixture on the follbwing day as a 
result of changes in the pressure or composition of the gas or other 
cause. The strength of the mixture should be varied in case of failure 
to start. If this is ineffective, the ignition should be tried. The 
batteries may have run down as a result of much use or of short- 
circuiting, and should be tested by short-circuiting momentarily, 
when they should give a bright spark. Too strong a current is 
undesirable, as it bums the contact points rapidly. It is well to 
have on hand a spare set of cells for putting in circuit. There should 
always be a switch in the battery circuit, which should be thrown 
out when the engine is shut down, so as to prevent short-circuiting. 
If the battery is in good condition, the trouble may be with the 
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electrodes, through their having become fouled or wet; or, in the 
make-and'break system, through a gumming of the spindle of the 
moving electrode, which makes it sticky and slow in action. The 
igniter plug should be withdrawn, and the electrodes examined. 
The whole igniter circuit shouhl be examined for short circuits. 

If the trouble is not with the igniter, it may be caused by Mage 
of the charge. To test this, the engine, if not too large, is pulled 
over by hand. The resistance to turning, on the compression stroke, 
should be very considerable. If the resistance is not great enough, 
the compressed charge is escaping. The leakage may be either 
past the piston, the igniter plug, or the valves. If tlie leakage is 
past the piston, it is due either to the wearing of the cylinder or to 
the sticking of the piston rings. The latter i.s likely to occur after 
a while, especially if the cylinder has been iMjrmitted to get very hot; 
it can be remedied by taking the piston out and loosening and 
cleaning tlie rings with kerosene. A leakage past the valves is due 
either to gumming of the valves or to other deposit which keeps the 
valve off its seat, to wearing of the valve, or to sticking of the valve- 
stem in its guide as a result of imperfect lubrication. The gumming 
and wear of the exhaust valve are the most common causes of leak- 
age, and may be remedied by grinding the valve on its seat with 
flour of emery and oil. 

The presence of water in the cylinder, which has leaked in from 
the jacket through imperfect joints, sometimes causes the electrodes 
to become wet, and prevents the engine starting. In some engines 
the possibility of this particular trouble is avoided by a special 
design of the jacket in which there are no joints communicating with 
the inside of the cylinder. 

Method of Locating Seat of Trouble by Use of Schedule. As 
the number of things which may occur in a gas engine to prevent 
its proper action is considerable, it is best to proceed .systematically 
in hunting W the trouble when it arises. The most advantageous 
procedure to follow in any case, depends on the type of engine. 
An example is given in the schedule (Table XXXII and following) for 
a gasoline engine with jump-spark ignition, such as an ordinary 
automobile engine. If the motor refuses to operate, the first thing 
to do is to look to the gasoline supply. If that is all right, look 
to the ignition. By unscrewing the spark plugs, laying them on 
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the cylinders, and cranking the engine, it can be seen if the spark- 
ing is satisfactory. If it is satisfactory, try the compression. If 
that also is satisfactory, examine the carbureter; then see that the 
exhaust or inlet valves are operating properly. The method of 
following up the trouble, eliminating from consideration those things 
that are all right, is given in«detail in the schedule. The right-hand 
column gives the actual causes of the observed troubles. 

If make-and-break ignition is used, the procedure in investi- 
gating a failure of the ignition will naturally l)e different; it will also 
be much simpler. 

It happens not infrequently that a gas engine will make a few 
revolutions, and will then stop. Some of the causes for this are also 
indicated in the schedule. 

Investigating Quality of Mixture. If the motor runs fairly well 
and if the compression is all right, the spark plugs clean and properly 
set, magneto or batteries in good order, gasolitje supply clean and 
other conditions satisfactory, the quality of the mixture can be 
determined in the following way with an automobile engine: 

(1) Motor spoods up when air valve is pushed open 
slightly— turn low-speed nut down 

(2) Kegular miasinK after pulling slowly on level, motor 
(Toes not pick-up immediately if cluteh ia dis* 
engaged while running— mixture very rich in this 
case 

(2) After ascending lung hill motor does not pick-up 
if clutch is disengaged 

(4) Motor will not pop back in carbureter on suddenly 
opening throttle 

(5) Motor picks-up well on opening throttle in juil 
starting out 

(1) Motor hard to start 

(2) Motor speeds up on closing auxiliary air -valvw— * 
turn lower or low-speed Mjusting nut, up a few 
notches 

(3) Upon opening throttle, car hesitates before pickinf> 
up sp^ 

(4) Tendency to pop back in carbureter when throttle 

is opened suddenly * 

Wann weather has the effect of not enough air. Cold weather 
has the effect of too much air. 

Cylinder Oil. The cylinder oil that is commonly used in steam 
engines cannot be used in gas engines, as it carbonizes at the high 
temperature of the explosion, and forms a deposit in the cylioder- 
and on the exhaust valve. A special pU.b used; and even thii^ i| 


Not enough air or too 
much gasoline. . . 


Too much air or not^ 
enough gasoline . 
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suppKed in excess, causes a gradual accumulation of hard deposit in 
the cylinder, vhich must be cleaned out occasionally. Apart from 
its interference with the action of the igniter and exhaust valve, 
this deposit is liable to cause premature ignition by being raised to 
incandescence. 

Stoppage of Jacket Water. Cold ^atcr must be kept circulat- 
ing through the jackets whenever the engine is running, being started 
as soon as the cylinder warms up. A stoppage of this flow, even 
for a comparatively short time, is likely to have a disastrous effect 
upon the cylinder. A gradual accumulation of se<liment may occur 
in the water jacket, with a consetjuent reduction in its efficiency. 
On shutting down, it is always better to drain the jacket, which not 
only prevents the possibility of its freezing up in winter, but also 
tends to clear it of .sediment. In general practice, however, the 
jackets are drained only in cold weather. 

Back-Firing. In the running of a gas engine — especially under 
light loads — very loud and alarming explosions are sometimes heard 
in the admission piijc or in the exhau.st pipe. The bark-6ring in 
the admis.sion pipe sometimes results from a leaky admission valve, 
at other times it is caused by .something in the cylinder, such as a 
gas pocket, firing the entering charge before the inlet valve has a 
chance to close; the latter is the more frequent cause of the two. 
The explosions in the exhau.'^t, indicating as they do the presence of 
explosive gases in the exhaust pipe, are caused either by the use of a 
mixture which is too weak or too rich, or by faulty ignition. If the 
mixture is too weak, the charge taken in just after an explosion may 
fail to ignite, because it is mixed with the products of the previous 
explosion, while the next charge taken in may explode because it 
does not noix with burned gas but with the weak charge in the clear- 
ance. The hot exhaust gases ignite the weak mixture which was 
rejected uabumed to the exhaust at the previous cycle. If the 
Ignition is imperfect, a good mixture may fail to explode and be 
exhausted, and may then be ignited in the exhaust pipe by the next 
exhaust of hot gases. 

Adjustment of Point of Ignition. The proper timing of the 
ignition depends upon a variety of conditions of operation and con- 
•truction of an engine. In the following paragraphs the various 
causes leading to the necessity for changing the relative point of 
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ignition are given, and the direction and amount of change necessary 
are indicated. 

Adjustmi'nt for Change of Speed. In a high-tension system for 
a variable speed motor in which the alternations are produced by 
a trembler interrupter, the timer must be moved so as to interrupt 
the primary current earlier ih the stroke w hen the speed of rotation 
is high than when it is low. This is due to the fact that there is a 
certain amount of lag in the ignition apparatus l)etwcen the instant 
of 6rst closing of the primary circuit by the trembler and the jump- 
ing of a spark between ignition points of the igniter. The time 
interval of this lag is constant whatever the speed of the motor, but 
the amount of movement of the crankshaft of the motor during the 
period of this lag is greater when the motor is running fast than 
when it is running slowly — at 1000 revolutions per nunute, the 
crankshaft will move twice as far between the instant of first closing 
of the primary circuit and the jumping of the spark as it will when 
rotating at 500 revolutions per minute— and thus, to allow' for this 
lag, the timer must be advanced as the engine speed increases, the 
amount of advance being proportional to the speed. In ignition 
systems whose interrupter is mechanically operated, as with mag- 
netos, the lag is practically nil. 

Adjustment for Rich and Lean Mixture. If a “stationary engine 
operating on producer gas has its ignition properly timed for the 
mixture which has the highest rate of combustion while the producer 
is delivering rich gas, and the gas then becomes lean, the combustible 
mixture going to the engine will then become lean if the setting of 
the proportioning valves remains unchanged, and, therefore, the 
ignition will have to be advanced to secure the most efficient results 
for the kind of mixture then received. In the same manner, if the 
ignition is properly timed for the mixture which has the highest 
rate of combustion when the producer is delivering lean gas, the 
ignition will have to be advanced if the gas becomes very much 
richer and the setting of the proportioning valves is not changed. 

AdjxutmerU for Change of Compression. When an engine is 
throttle-governed the compression is varied by the governor action 
as. the load varies. If sucb an engine is operating at full load with 
its ignition properly timed and the load falls off, the ignition must 
be advanced on account of the reduced compresrion and consequent 
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slower rate of combustion. When the load comes on again, the 
ignition must be retarded to its initial ]M>sition. 

Variation of Duration of Ignition with Change of SpeeJ. Since 
the explosive mixture re(iiiires an appreciable amount of time for 
combustion, it must be ignited earlier in tlie stroke when the engine 
is running at high si)oeti than at low j|K‘ed, in ordeV to obtain the 
maximum amount of power from the fuel consumed. The extent 
of the variation of tlie duration of ignition witl» variation of sjH-ed 
depends on the kind of ignition system emj»loye<l and the location 
of the igniter, or igniters. A system which gives a s])ark of con- 
stafit .strength regardless of the speed of rotation of the engine must 
have the time of ignition varied more .with variation of speeil than 
is the ease with a system which give.s a stronger, <>r hotter, spark as 
the speed of tlm engine increases. If the igniter is lix ated away 
from the Ix^ly of tlie mixture in the combustion chamWr— in the 
[Kjcket o\er the valve, or Indween the valves of some tyjK*s of engines 
— tlien ihe ignition must be more advanced than when the igniter is 
located near the center of the charge volume. 

Most ignition systems operating on batt(*ry current give a 
spark whose strength is the same whatever the sjM'cd of the engine. 
On the other hand, most magneto-ignition .systems using current 
direct from the magneto give a stronger spark as the .spped of the 
motor, and consenuently that of the magneto, increases. I>ess 
advance of the spark is therefore required in the magneto system 
in order to allow for the variation of intensity of the spark, an 
additional advance being necessary to allow for the lag if a trem- 
bler is used. 

Less variation of the time of ignition is necessary if two or more 
igniters are used, located some distance apart in each combustion 
chamber. Aside from the greater a'rtainty of ignition, the use of 
two igniters decreases the time required for combustion, since each 
of the propagating flames emanating from the points of ignition has 
less distance to travel than w'hen ignition is at one point only. 

Care and Adjustment of Ignition Systems. The ignition appa- 
ratus should always be kept clean and the insulation should be kept 
as free ffom oil as possible (especially in high-tension ignition), as oil 
destroys the insulating property of rubber. 

Spark Plugt for Jump-Spark System. The spark plug for a 
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jump-spark system may be cleaned by the use of a stiff bristle brush 
and gasoline to remove the carbon deposits. The insulation of the 
plug should not be scraped with any hard tool, as the roughened 
surface resulting will afford easier lodgment for carbon deposits 
than a smooth surface. If a bead of metal has formed at the spaik 
gap, or if the points and edgefi have become rough and irregular or 
burnt and pitted, they should be filed off square across the length of 
the wire, thus leaving sharp edges, from which a spark will jump 
more readily than from a smoothly rounded point. If, after filing 
the points, the spark gap is too great, or if the points are found in 
good condition but the gap is too great, the wire which forms one 
side of the gap should be bent enough to decrease the gap to the 
proper amount. In some plugs the insulated spindle or other part 
of the plug — depending on the design — must be adjusted to accom- 
plish this. The width of the spark gap in a battcry«ignition system 
should ordinarily be about A of an inch, but a wider gap is sometimes 
used. Magneto makers generally recommend a spark-gap width, 
for magneto ignition, of from ^ to of an inch for plugs and mag- 
netos of the size ordinarily used on automobiles. In magneto-ignition 
systems for larger engines and those in which the spark plug and 
magneto are larger than on automobile engines, the spsrk gap is 
wider—about ^ of an inch being suitable. 

Igniter Plugs in Make-and-Break System. In make-and-break 
igmter plugs, the contact points, or contact surfaces if no contact 
pins are used, become pitted and uneven with use and should be 
dressed with a smooth-cut file so as to make good contact with each 
other. Care should also be taken to see that the points separate 
at least Ar of an inch when tripped, otherwise the spark will continue 
to arc across the gap after the break, igniting the incoming charge 
during the next suction stroke, causing a back fire, as well as rapidly 
pitting and destroying the contact surfaces. A much wider sepa- 
ration than this is customary in make-and-break igniters, espedaHy 
in large plugs. Sometimes persistent back fires can be traced to 
the fact that the current arcs across from the movable electrode to 
the cylinder wall after the igniter is tripped, due to the fact that the 
movable electrode comes loo close to the wall. Lamps should be 
used in the circuit of each igniter to regulate the current flow and 
prevent the contact surfaces from pitting tog rapidly from an excess 
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of current; one ampere has been found sufficient to give satisfactory 
ignition under all conditions. 

Tremblers. Tremblers should be so adjusted as to use the 
minimum battery current that will give a satisfactory spark. Ordi- 
narily, more current flows when the rate of vibration is high than 
when it is low The rate of vibration ol the tremblers should be set 
somewhere near midway between the highest and lowest rates that 
will give ignition. If there is more than one trembler and coil, the 
tremblers should all be adjusted as nearly as possible to the same 
pitch. For the more usual sizes of coils, from one-half to one and one- 
half amperes is required for operating a four-cylinder high-speed 
motor. 

CoTiiaci Timer. A sliding contact timer should have the rubbing 
surfaces well lubricated by means of either an oil bath or by packing 
the timer with soft grease. With a roller-contact timer it is gener- 
ally better to use oil than grease, as grease is apt to prevent good 
electrical contact between the roller and the stationary contact 
piece; if grease is used, it should be very thin. A pressure-contact 
timer (in which the contact is made in the same way as in a trembler) 
is not intended to be submerged in oil and should not have any oil 
on the contact points, as it may prevent effective closing of the 
circuit when the contact points are covered with it. A soft bristle 
brush and kerosene should be used to clean the timer whenever 
dirt has collected in it to any appreciable extent and, after the 
deaning, oil should be applied to the rubbing surfaces. 

Setting the Timer. Remove the spark plug from the cylinder, 
leaving the wire connected, and ground the outer bushing. Rotate 
the crankshaft until the piston in the cylinder, from which the spark 
plug has been removed, is on dead center at the top of the compres- 
sion stroke. Set the spark control at the position corresponding to 
ignition at jdead center when the engine is rotating slowly-^or high- 
speed motors not more than one-fifth of the entire movement of the 
sparit control in advance of maximum retard. Uncouple the timer 
rotor shaft from its drive and rotate slowly in the direction in which 
it rotates while operating, imtil a spark jumps across the gap in the 
SjpsA plug, which has b^n removed from the cylinder. Recouple 
timer rotor shaft to its drive in this exact position. The general 
method here set forth applies equally well to make-and-break 



270 


GAS AND OIL ENGINES 

ignition, only instead of removing the igniter plug the instant of 
firing can be determined from the snap of the tripping device. 

Carbureter Adjustments. Close the gasoline needle valve and 
then open a few turns. Start the motor and allow it to run until it 
becomes heated to normal running temperature. If the carbureter 
has only one adjustment— the gasoline needle valve— open or close 
the needle valve until the motor fires regularly on all cylinders and 
runs at maximum speed for that throttle opening. A carbureter of 
this type is generally designed to give approximately equally good 
results throughout the range of speed and therefore the speed chosen 
for adjustment is not important. In a carbureter with an auxiliary 
air valve with high- and low-speed springs the upper or low-speed 
adjusting nut on the auxiliary air valve should be adjusted until the 
valve seats lightly before the motor is started, aiul at the same time 
the high-speed spring should have about A of an inch play. After 
starting and heating up the motor the low-speed adjusting nut 
should be turned until the motor runs properly with the throttle 
closed. Then advance the spark and open the throttle and, if the motor 
back-fires, turn the lower or high-speed adjusting nut up or dowm 
until thelback-firing ceases. The high-speed spring should always 
have at least ^ of an inch play while the motor is running idle. 
This typei of carbureter has no needle valve and a fixed gasoline 
nozzle, and if too much or too little gasoline is supplied the nozzle 
must be removed and one of a different size substituted. 

If the auxiliary air valve has only one adjustment, the high 
speed, the low speed adjustment is obtained by adjusting the gasoline 
needle valve, and the high speed, by varying the tension on the 
auxiliary air-valve spring. 

If the carbureter is fitted with an intermediate- and high-speed 
needle-valve adjustment, the method is to get the low-speed adjust- 
ment by means of the needle valve and the auxiliary ^ir valve. 
Advance the spark and open the throttle until the ne^le-valve 
roller is on the track directly below the first or intermediate speed 
dial. Adjust the screw on this dial until the motor runs properly. 
Open the throttle wide and make the high-speed adjustment in the 
same way on the second dial. 

When a second op auxiliary nozzle is used it comes into aetbn 
only as the motor approaches high speed, and should therefore be 
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w aujuo«.cvi before starting that it cannot come into acticm at low 
speed. The low-speed adjustment is made as in one of the previous 
cases, depending upon the design. The high-speed adjustment is 
made by adjusting the opening of the auxiliary nozzle until the motor 
runs properly. 

Fitting Piston Rings. Piston ring?, when placed in the slot in 
the piston, should be of such a width that they rotate freely in the 
slot. In fitting snap piston rings, a clearance, a. Fig. 177, must be 
filed out of the slot, when both the cylinder walls and the. ring are 
cold, sufficient in amount to allow for the expansion due to heat. 
This cold clearance must be sucli that when the engine is heated up 
to working temperature there will still be a slight clearance and the 
ends of the ring will not butt. If this happens, the wear on the 
cylinder walls or the rings, or both, will be very rapid. The follow- 
ing formulas are obtained from estimates, based upon practical 
experience, of the temperatures obtaining in the variou.s parts of an 
engine. 

The clearance to be filed in the slots of piston rings for single- 
acting uncooUd trunk pistons may be taken as 


a«0.0060dto0.0075din. (6) 

where d is the diameter of the cylinder in inches, a being the clearance 
space in the ring. * 

In the case of an uncooled trunk piston the first or innermost 
ring (nearest the explosion) is seriously heated, but, nevertheless, is 
not as hot as the uncooled piston body, since the ring is in contact 
with the water-jacketed cylinder wall. The temperature of the 
piston rings decreases very rapidly toward.s the outer end— iit the 
last ring the difference between the mean temperatures of the ring 
and of the cylinder barrel will scarcely 
amount to more than 90® to 110® F. 
Nevertheless, all the rings of a set or of 
a size should be given the same clearance 
in order to make them interchangeable. 
For large double-acting water-cooled pistons the temperature 
difference supposedly approaches 0 degrees. Therefore a much 
smaller clearance a suffices— from 0.040 to 0.200 inches, depending 
upon the diameter of the cylinder. 


ng- 177. 8o»p Pkaion Rittg 
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GAS-PRODUCERS 


INTRODUCTION 

Producer Oas and Its Competitoi%. Producer gas is the gas 
resulting from the gasification of solid fuel where the heat required 
in the process is obtained by a partial combustion of the fuel itself; it 
is the most extensively used artificial fuel gas. 

Nacural gas is restricted to such a limited territory that its exten- 
sive use is out of the question. Retort gas requires a definite quality 
of coal, and a large, complicated plant', and makes a residue which 
must be disposed of. Coke-oven gas can l>e made only in a large, 
complicated plant, and requires the attention of a skilled chemist, 
and also a ready market for the coke. The water-gas process is 
intermittent, complicated, and not very efficient. The carbureted 
water-gas process, in addition to having the disadvantages of the 
straight water-gas process, requires oil for the carbureting and, more- 
over, the carbureting adds only illuminants which, in proportion to 
their density, add little to the heat value of the gas. Oil gas is 
restricted to a very limited territory, mm' it can l)e used commer- 
cially only where the cost of oil is very low. The use of blast-furnace 
gas is limited, as it can be obtained only at large iron works. 

There has been a great demand for a gaseous fuel within the 
last few years, and this has given the produc'er-gas industry a suddea 
growth. This demand, and the re.sulting growth, are due not only 
to the advent of the gas engine, but also to the appreciation of the 
value of ga.seou3 fuel for ceramic and metallurgical operations and 
the constant diminution of the natural-gas supply. High and easily 
controlled working temperatures, perfect combustion and high fuel 
economy %re most readily obtainable by the use of a gaseous fuel 
— ^just the conditions required by many ceramic and metallurgical 
processes for successful operation. Many industries, which in the 
past have used natural gas for fuel, have started to use producer gas, 
as the cost of the natural gas has increased. 
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History of Producer Qas. About 1834, Faber du Faur, a 
German engineer, began using blast-furnace gas for heating furnaces. 
This gave such good results that the demand for the gas was greater 
than the supply furrushed by the furnaces. From this he reasoned 
that it would be desirable to build a low type of blast furnace, 

omitting the charge of iron 
and using the furnace only 
for the production of gas to 
supply the increased demand. 
Circumstances prevented 
Faber du Faur carrying this 
idea into practice; but he 
announced it at that time, 
and several contemporary 
engineers Ix'gan working on 
the problem. 

First Gas-Producer. The 
first gas-producer was prob- 
ably built by Bischof in 1839. 
It is shown in Fig. 1, and 
resembles a .small blast fur- 
nace. A is the ash pit under 
grate li; C and D arc clean- 
ing doors, the former being 
made with openings to admit 
the air; L is the body of the 
producer; F and G are doors 
for charging the producer 
with fuel; II is the gas exit; 
/ shows a peep-hole for exam- 
ining the condition oT the fire. 

Later Developments. Ekman in Sweden, Wedding in Germany, 
Ebelmen in France, and Siemens in England, were also working on 
the problem between 1840 and 1860; and they all built certain types 
of producers. Ebelmen anticipated several present-day types of 
producers. 

Siemens^ Dowson, emd Benier. The first producer to be used to 
any extent was the Siemens, which was introduced in England 
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about 1860. This forms the commercial starting point of the pro- 
ducer-gas industry, Dowson, in 1878, was the first to use producer 
gas for power purposes/ The suction gas-producer was introduced 
in France, on a commercial scale by Benier, in 1895. 

MANUFACTURE OF PRODUCER GAS 

CHEMICAL AND MECHANICAL PROCESS 

Firing to produce gas requires that the fuel bed l)e thick and 
compact enough to permit only a partial combustion of the fuel, so 
that a stream of combustible gas will l)e given off at the surface of 
the fuel. Direct firing requires that the fuel bed sliall be sufficiently 
thin and porous to permit enough oxygen to get through the inter- 
stices in the fuel bed to produce vigorous combustion at the surface 
of the fuel. 

Chemical Constituents of Producer Qas. Simple Form. The 
simplest form of producer gas consists of a mixture of nitrogen and 
carbon monoxide. That is, when a bed of charcoal or coke is blown 
with a dry air blast, the fuel bed will soon be at a white heat, when 
the following reaction will take place: 

iV) = C'(HiV (I) 

air 

In this formula the .symbols represent the chemical elements 
entering into the reaction but do not show their relative amounts. 

In case carbon dioxide is formed, it shouhl be immediately 
converted into the monoxide, by an excess of incandescent carbon. 
Thus 

( 2 ) 

The heat required for gasification is that which is evolved in 
burning the carbon to carbon monoxide. The heat available in the 
gas is that which will be evolved when the carbon monoxide is burned 
to carbon dioxide. The heat loss by this method is very high, as is 
shown by the following example: 

1 lb. C burned to €0% evolves 14,500 B.t.u.»heat in fuel 

1 lb. C burned to CO evolvw 4,450 B.t.u. « heat lost 

10,050 B.t.u.» available heat in 

gas (about 70 per cent). 

Effect of Use of Steam. On account of the high heat loss, the 
use of simple producer gas is now obsolete. The use of steam not 
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will be deposited in the pipes; this will cause a heat loss and will also 
give trouble from the clogging of the pi|X‘s. 

Typical Producer. A typical prixluccr is shown in Fig. 2. It 
c*onsists c.sscntiidly of a steel jacket A; fire-brick lining li; supiM)rt C ; 
grate E; tuy6re F, which is now frequently omitted in suction pro- 
ducers; air blast II; charging hopi)ert/; poke-hole K: and retort or 
fuel reservoir L In American types, L was usually omitted; but it 



Fil- 2. Section of Typicnl Cm»*Piwlucer. Showing the Different Zones 


is used (fuite extensively in European types and is now coming into 
use in the best types ^f American producers. Frequently, the grate 
is omitted and the fuel rests directly on the ash-pan bottom. 

Steam Blowers. The steam and air should be introduced 
together so as to secure a thorough admixture. In a large number 
of producers, the air is forced into the pFxlucer by a steam blower, 
which b simply an air injector. Since a small quantity of steam 
must carry in a large quantity of air, the area of the surface of con- 
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tact between the two should be as large as posslblei for the quan* 
tity of air delivered per minute by a steam jet depends upon the 
surface of contact betweeh the air and the steam, irrespective of the 
steam pressure, up to the limit of exhaustion or compression that 
the steam jet is capable of producing. Two general types of 
steam blowers are shown in JFigs. 3 and 4. The former has a very 
small area of surface contact between the air and steam and, as a 

result, this form of blower 
is very inefficient. The 
type shown in Fig. 4 
will deliver several times 
as much air with a given 
quantity of steam as the 
blow'er shown in Fig. 3. 

Chemical Action in a Qas-Producer. The chemical action in a 
gas-protlucer will he understood more readily by considering each 
successive step. Fig. 2 shows the fuel bed divided into four zones. 
In practice, the line of demarcation between the different zones is 
not always distinct, and they sometimes overlap one another. 



Fig. 3. Ini-fficifnl Type o( Steam Blower 



Fig. 4. Approved Type of Steam Blower 


Ash Zone. No reactions take place in the ash zone, but it 
ser\’e3 to protect the grate from the intense heat of the upper zones, 
and also pre-heats the air blast in an up^lraft producer. ' 

Combustion Zone. The combustion zone receives its name from 
the fact that the heat required for gasification is generated there by 
the combustion of the carbon, which burns to carbon dioxide. Thus 

C+O.-CO, (3) 

The intense heat generated there keeps the superimposed zone at its 
proper working temperature. 


UAS-rKUUUCKKS 


7 


Decm^ition Zone, The decomposition zone receives its name 
from the fact that the steam from the blast, and the carbon dioxide 
from the combustion zone, are there decomposed. Thus 

IW + C- II,+C() (4) 

(2+ 10) -f 12 = 2 +(12+10) molecular weights 
(1+8)+ 6=1 +(6+ 8) proportion of molecular weights 
COa+C = 2rO (5) 

The zone must contain an excess of incandescent carbon, and must 
be kept above 1800 degrees Fahrenheit, in order that these reactions 
may take place. Since the decomposition of the steam will absorb 
a large quantity of heat, it is evident that only a limited amount may 
be used, if the o|H*ration of the producer is to be continuous. By 
Kquation (4) with 6 lb. of carlM»n burned to carbon monoxide, evolv- 
ing 6 X44r)0 = 20,700 U.t.u., 1 lb. of hydrogen will be separated from 
8 lb. of oxygen, the two being in the form of 9 lb. of steam, and this 
will absorb exactly the same amount of heat that would be given 
off in the combustion of 1 lb. of hydrogen namely, 62,100 B.t.u, 
The heat absorbed by the reaction will equal 02,100 — 26,700* 
35,400 B.t.u. for every 9 lb. of steam decomposed, or 3933 B.t.u. 
for every pound of steam. 

Distillation Zone. The distillation zone is so namtd because 
the heat from the lower zones effects a partial distillation of the 
fresh fuel in that zone. The addition of a charge of fresh fuel will 
always lower the temi)erature, and this will change the composition 
of the resulting gas. High temperatures in this zone are conducive 
to the formation of fixed gases, while low temi>erutures will be sure 
to produce a large yield of tar. 

Working of Gas-Producer. The temperature of the gas as it 
leaves the produc'er should be kept low, or else the sensible heat loss 
due to the cooling of the gas lietween the producer and the place of 
use will be high. 

The producer should be so arranged that the sensible heat of 
the gas may be utilized for pre-heating either the fuel or the air. 
The pipes fexr hot gas must be larger than those fur cold gas, because 
of the larger volume per unit weight of gas at higher tempera- 
turesii Gas at 660 degrees F. has twice the volume of gas at 100 
degrees F. The valves and dampers for handling hot gas must 
bet water-<;poled to prevent warping. Further, for gas-engine work 
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TABLE il 

Effects of Temperature on Action of Steam 


Temfehatuhh F. 

PKRrKKTAdE OK 

Steam DEcoMruitKit 

Oab Analtmis 

CO, 

CO 

H 

1245 

fi.R 

29.R 

4.9 

65.2 

17.50 

70.2 

G.H 

39.3 

53.3 

2057 

99.4 

.(■» 

48.5 

.50.9 


Tliin table Mhows the imporliinee of keeping the temperature (»f th(( eombus- 
tinn and doeomposition /.ones ne:ir ‘2(KK) degrees Faljrenheil, if satisfactory 
results are, to be olitainwl. 


tlie sensible heat Is of no value, ami the gas should be cooled when it 
goes into the engine oyliiuler, in order to increase the charge weight. 

Pre-heat(‘d air will not only reduce the heat losses, but will also 
induce better gasifying conditions. The waste heat in the gas- 
engine exhaust may be used for pre-heating the air when a producer 
furnishes the gas for the engine. By such an arrangement the 
efficiency of the prodticcr can be increased ten per cent. 

Satisfactory oi)eration of the producer can be secured only 
when the^difTcrent zones arc kept at their proper temperatures. 
Temperatures which are too low result in the formation of small 
amounts of carbon monoxide, and large amounts of carbon dioxide 
and water vapor, causing a heavy heat loss, since the last two are 
not only diluents, but also represent a certain heat loss in the pro- 
ducer. An excess of steam causes a retluction of temperature. 
The effect of different zone temperatures on the composition of the 
gas is shown in Table II, the data for w'hich has been taken from 
an actual test. 

The detx)mposed steam acts as a carrier of heat energy between 
the producer ai\d the chamber in which the gas is to be bvfmed. All 
the heat absorluxl from the producer in the decomposition of the 
steam and in the formation of hydrogen will be given out when the 
hydrogen is burned back to water. That is, when steam is used, a 
certain amount of sensible heat that would otherwise be wasted in the 
producer-gas process is locked up temporarily in the form of hydro- 
gen, and carried over into the combustion chamber, wh^ it becomes 
available. Under no circumstance can the use of steam cause a 
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gain of heat, and the tendency will always l)e to lower the tempera- 
ture of the fire. In addition to the conservation of the heat losses 
in the process of gasification, the steam has a very desirable mechan- 
ical effect on the fuel bed, by softening the clinkers, preventing 
localized combustion and the fusing of the ( linkers to the brickwork, 
keeping the fuel bed porous and homogeneous, and protecting the 
grate by keeping the intense combustion away from it. 

The prtxlucer should be supplit'd with all the steam that it can 
decompof'O, in order to secure a high efficiciHy. 'I'liis maximum 
({uantity will vary with the nature of the raw fuel, with the type of 
producer, and with the metluKl of o|X‘ration. 

Fuel. Practically every known solid fuel has Ix'en successfully 
used for the manufacture of producer gas. 'I'hc |)urpose for which 
the gas is to be u.scd, and the type of pnalucer, will, however, deter- 
mine what fuels may be used in esn h particular case. Since each 
fuel will give the gas certain definite propertii's, it is evident that the 
producer gas made from different fuels may vary j)erceptibly in com- 
j)ositi6n. Produ(;er gas made from bituminous coal will be high in 
easily condensible hydrocarbons, generally spoken of as “tar”; while 
that made from anthracite coal will have a low percentage of tar. 
Thus, some fuel with a certain type of producer migl^t make a 
quality of gas that would give good results in a stex*! furnace; while 
this same gas might be worthle.ss for use in a girs engine. Impurities 
in the raw fuel will, in certain eases, give the resulting gas certain 
constituents that would make it unfit for (Trtain kinds of work. 
In burning certain ceramic prixlucts with producer gas made from 
fuel containing volatile sulphur compomids, ammonium salts, or 
other impurities, considerable difficulty may be experienced from 
the action that the gas may have on the particular product under 
treatment. On the other hand, if a muffle kiln — that is, one in which 
the combflstion products do not come in contact with the ware that 
is being burned— is used, the impurities would not make any 
difference. 

The size and condition of the fuel are of considerable impor- 
tance. A crushed coal will always give belter results than coal with 
large lumps. Some run-of-mine coal is now being used in gas- 
producers; but it must be remembered that not all things that are 
possible are desirable. The use of fine dust, also, is not good prac- 
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tice. The fuel should be dry, since any moisture that it cohtains 
must be driven off in the producer, and this will cause a certain heat 
loss. Anthracite, bituminous, and brown coal, peat, lignite, wood, 
sawdust, shavings, tanbark, and similar refuse have all been used 
for making prcKluccr gas. 

GASIFICATION LOSSES 

Efficiency. Since producer gas is made by a partial combustion 
of the fuel itself, it is evident that there must always be a certain loss 
in the process of gasification; and, as a result, the efficiency of the 
gas-producer will always ha less than unity. 

..ft. . H«‘iU iinits in niis from n anil woigiil nf 
lU'ut uniTs ill u imil weight of fuel 

With a properly designed and carefully operated gas-producer, 
the gasification loss should not be over 20 per cent; that is, the 
efficiency should be at least 80 per cent. Thus, if the fuel contained 
14,000 B.t.u. per pound, and the gas evolved from a iwund of that 
fuel contained 11,200 B.t.u., then the efficiency would he ecfual to 
11.200 . * 

14 000 

The h?at energy m the gas will he of two forms— heat of com- 
bustion and sensible heat, by virtue of the temperature of the gas. 
Since the latter will be lost if the gas is cooled down to atmospheric 
temperature, it is evident that a gas-producer will have two efficien- 
cies, depending uik>u whether the gas is used hot or cold. The 
former is called the hoi-gan rffi.dcncy, while the latter is called the 
cold-gaa efficiency. 

If any carbon passes through the producer without being con- 
verted into gas, a correction must be made to gel the true efficiency 
of the gasification. The grate efficiency represents the percentage 
of carbon actually gasified. A grate efficiency of 06 per cent means 
that 96 per cent of the carbon charged into the producer is gasified, 
and 4 per cent passes out with the ashes. The true efficiency of 
the producer or the efficiency of gasification of the fuel will be the 
efficiency as first determined divided by the grate efficiency. If 
th6 efficiency as first determined— or, what is the same thing, tlie 
apparent efficiency— is SO per cent, and t^ip grate efficiency is 96 per 
cent, then the true efficiency of the producer is 80 per cent +96 pei 
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cent or 83.3 per cent. This refinement is seldom applied, since the 
producer and grate should be so designed that no unburnt carbon 
is carried out in the ash. 

Heat Losses* There are many heat losses in the process of 
gasification. By judicious management, each of these may be 
reduced to a very small quantity. • The principal losses are the 
sensible heat loss and the carbon dioxide loss. 

The sensible heat loss is the heat carried out by the gas, by 
virtue of its temperature. If the temperature of the exit gases is 
1000 degrees Fahrenheit, this loss will amount to alxiut 1 1 per cent. 
If the producer gas is high in hydrogen— which has a high specific 
heat—the percentage of loss will he higher. The sensilile heat loss 
is large in nearly all forms of proilucers. The loss due to carbon 
dioxide is frequently high; in bad < ases it may amount to 10 per cent. 

Heat Balance. The principal items in the heat balance of a 
gas-producer arc as follows: 


Debit Side 
Calorific power of fuel 
Heat in air hlaal 
Heat in atcam blasil 


Sum of debits 


Credit Side 
Calorific power of giw 
LoHt in aahes 
I>o»l in unburnetl carbon 
Lost in tar and soot 
I>o«l in Hciiaible heat of gaa 
I»sl in heating undecomposed Warn 
Lost in evaporaung moisture in fuel 
Lo-st in volatiIi?,.Tlion of hydrocarboiia 

Ix>st in radiation _ 

Hum of credits 


REPRESENTATIVE TYPES OF GAS-PRODUCERS 
The prefixing of cither the name or the type of the producer to 
the gas made therein is not to be recommended, that is, names such 
as ".Siemens gas”; "Dowson gas”, “Mond gas”, and. “suction gas” 
arc undesirable. It was originally thought that each design or type 
of producer would make a gas with a certain distinctive quality. 
It is true that the gas made in different producers will vary in com- 
position; but this variation is due to the method of o|)eration or to 
the nature of the raw fuel used, rather than to the t>Tpe of producer. 
Gas-producers may be defined as follows: 

A waier-seal gas-producer is one so con.structed as to have a 
9 ^ of water betw^n the interior pf the producer and the air. 
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A cmtinumu gas-prodwer is one that may be operated continu- 
ously for a long period of time. To secure this condition, the fuel 
must be introduced, and the ashes removed, in such a manner as not 
to interfere with the process of gasification. 

An vp-dmjt gan-producer is one that introduces the air at the 
bottom and removes the gas al the top. 

A down-drnft gan-imHlurn is one that removes the gas from 
the bottom, and introduces the air blast at the top of the fuel bed, 
Hfid in this way causes the draft and the resulting combustion to 
go downward. The term inverted-combuMiori is also used synony- 
mously for dou'ti-draft. 

A by-product gas-producer is one that, in addition to the regular 
prcxluction of gas, makes one or more auxiliary jjrcMlucts based on 
certain constituents of the raw fuel or resulting gas, constituents 
that, generally, would otherwise be l<»st. 

An underfeed gas-producer is one in which the fresh fuel is fed 
into the bottom of the producer. 

Classification. All gas-pro<lueers may be classified into the 
following groups: 

(1) Suction 

(a) Draft induce<l by a chimney 

(lO Draft induced by an exhauster 

(c) Draft inducwl by a gas-engine piston 

(2) Pressure 

(li) Balanced draft 

Suction Producer. A suction proilucer is one in which the 
resulting gases are drawn or induced away from the producer; the 
interior of the producer is kept at less than atmospheric pressure, 
and the air is forced in by the pressure of the outside air. The 
suction may be obtained by a chimney, exhaust fan, or gas-engine 
piston. There has been considerable confusion in nomeifclature, 
some proposing that the only apparatus that should be called a 
suction producer is that in which the suction is furnished by the 
engine piston. This would be quite correct if it were applied to 
the plant, i.e., if such a plant were called a suction gas power plant. 
To the producer itself, it is immaterial how the suction is produced. 
An engine of any size can be made to furnish the suction for the 
producers and the plant will run satisfactorily. Tt has been found 
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better, however, from the standpoint of economy, and to obtain 
greater reliability, to substitute some other aj)paratus - an exhauster 
—for the gas-engine piston in large gas-erjgine plants, since an 
exhauster is a much more efficient gas pump tlian is the engine 
piston. The only advantage in having the suction furnished by the 
engine piston is its simj>li(‘ity; this is imp()rtant only to small plants 
where simplicity throughout is a prime rccjuisiti*. In large plants, 
however, the greater economy and reliability svhicli result from 
the use of an exhauster always more than overbalance the loss of 
simplicity. 

Pressure Producer. A pressure pnaluccr is <)ne in which a 
mixture of air and .steam is supplied to the producer under pressure, 
the pressure being sufficient to force the mixtiirc through the fuel 
bed and to force the resulting gases to the point where tlnw are to 
be used. 

Balanced-Draft Prmlucer. \ balanced-<lraft j)rrKluccr is one in 
which a combination of the two previous methods is used. A mix- 
ture of air and steam is furnished to the producer, under pressure, 
by a blower, and the resulting gases are drawn r)jf by an exhauster 
and sent to the engine umler pressure- the relative pressure and 
suction being so adjusted that the pressure on to|> of the fire is just 
atmospheric. The advantage of this system is that the. fire can be 
properly looketl after and cleatusl without the leakage cither of gas 
into the producer room or air into the producer. This is y)articu- 
larly advantageous for continuou.s operation, since the fire needs 
occasional attention and poking to clean out the ash and to prevent 
the formation of ash chimneys, clinker, or of fire arch. In a pres- 
sure producer, when a poke-hole is ojx'ned, gas flows out into the 
room and the operator will not give the fire pro|x>r attention Wausc 
of the discomfort from the gas. In a suction pHnlucer, when a poke- 
hole is opeiTed, air flows into the producer and as soon as it comes 
into contact with the hot gas, the gas catches fire and bums, thus 
increasing the amount of inert gases and weakening the gas delivered 
to the engine; if the poke-hole is kept open too long this will become 
so serious as to give trouble in operating the engine. In a balanced- 
draft producer, on the other hand, since there is no difTcrence of 
pressure between the inside of the pitxlucer, on top of the fire, and 
the producer room, there will be no flow in either direction. 
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SUCTION TYPE 

Smalt Producers In Which Engine Furnishes Suctbn. Fair- 
hanks'Morse Type. Small producers of this type are used entirely 
for power purposes— furnishing gas for gas engines. The producer 
shown in Fig. 5 is typical of this class. The producer, or generator 



proper, is constructed with a double*walled shell C and C', between 
which the current of inlet air flows, picks up the heat radiated 
through the walls, from the producer, and returns it to the fuel bed 
through the pipe D. The vaporizer is located withih the double 
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walls and is in the form of troughs E, into which a measured stream 
of water runs, depending upon the suction in the producer induced 
by the engine, i.c., upon the load. The water is vaporized by the 
radiated heat, mixes with the heated air and passes through the 
fuel bod, breaking up the clinker and cooling the fire to working 
temperature. The producer has a wat^r-scaled bottom, the water 
being carried in the ash pit 6'. The fuel bed is not carried ui)on 
grates, being supported upon a Iwl of ashes in the ash pit, which, 
as they accumulate above the sight holes F can he removed through 
the water-scaled ash pit. The air and steam blast is admitted to 
the center of the fuel column through the bonneted pipe, or blast 
hood II. The shell C' is well lagged and the top / of the g<*ncr.'itor 
is water-cooled to prevent radiation to the producer room and to 
keep the top of the product r c(>ol enough so that the ojMTator can 
properly attend to it without discomfort. The inner shell C is pro- 
tected by a fire-brick lining H. The charging l)opj)cr ./ is scaled top 
and bottom by the cover K and eovjnterweightt'd valve A, respec- 
tively, and is so constructed that it is impossible to open either one 
if the other is not closed. The bottom valve L serx es also to dis- 
tribute the fuel over the surface of the fuel bed in charging. (Jas is 
drawn off from the top of the pro<lucer by the pip(' M. In the top 
of the downcomer P, leading to the seriibla r X, is locateS a spray 
nozzle through which flow's a very small quantity of water. This 
water is vaporized by the hot gas and aids in tlu* cleaning when it is 
again condensed in the scrubber, as the particles of water in con- 
densing steam arc smaller than can be mechanically obtained and 
arc thus able to envelop and weigh down the smaller particles of 
impurities in the gas, which would otherwise not l)c removed from 
the gas. The relatively large mechanically obtained particles of 
water arc too large to envelop the small particles of dust in conse- 
quence of •the increase of skin tension with increase of size. The 
producer and scrubber or producer and purge pipe R arc connected 
by the water-sealed three-way valve 0 in such a way that the 
scrubber cannot be in communication with the purge pipe. 

Sjfractue Suction Type. The producer shown in Fig. 6 is also a 
double-shell producer in which the air is brought down to the fuel 
bed through the space between the .shells and is there pre-heated. 
Tlie inner lining is protected by fire brick only to the height at 




Fi« 0. Syntcuw Suction 0»»>Produc«r Shown in Section 
CourUift «/ ii\du*frial Cat Ccmjwnir, SyrnoiM, Ntm York 
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which the fuel bed is ordinarily carried. Alwve this level, the sides 
and top are protected by a water jacket which also serves as the 
vaporizer. The top of the ash pit is cast to form an annular trough 
which catches any overflow from tlie wall jacket and serves as a 
supplementary vaporizer. This vaporizer also serves to improve 
the quality of the gas when startinpi the producer. Ordinarily, 



fv 7. Serlion «( Crowley N«*w Type Pali-nl Hiirlion Om I’Urit 
Courlrny a/ CriHi'I'y G'o» Kmjir.e CnmfMni/, Mnneherlrr, Knglnnd 


when a producer is started up, it i.s blown until the quality of gas 
generated is good, and the engine is then started. The rate of 
gasification in blowing up is much lower than in normal operation. 
When the engine is started, the pull on the fire is mudi increased, 
the conditions in the producer have not hatl time to become stable, 
and the quality of the gas drops for a short time and then gi^ually 
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builds up as the producer approaches normal operating condition. 
After a stand-by the vaporizer at the top is cool while the ash pit is 
hot, so that with this supplementary va|M)rizer the entering air will 
carry sufficient steam, upon starting up, until the top vaporizer is 
heated up. No blast pipe and hood are used in this case, the distri- 
bution being obtained by Arrying the fuel bed on an inverted-cone 
or a flat grate. The grate-bar design and spacing depend upon the 
character of the fuel to be gasified. The charging hopper is 



Fi( 8. Rot jtinn rhwfinic Valve ol CT0H!»li;y Rurtion GM-Producet 


sealeil at the bottom by a rotating metal slide and at the top by a 
sheet-metal cover, the lower edges of which are w'ater-sealed. This 
cover is so made that it cannot be removed until the lower valve is 
absolutely closed. The purge valve is water-sealed and at the same 
time water-cooled, and is located at the top of the scrubber, which 
takes the place of the (b)wncomer in the previous producer. 

Crmky Suction Tyjw, The English gas-producer shown in 
Fig. 7 has a vajHirizer entirely separate from the generator, whidi 
permits the use of an open-hearth type of stepped grat e and come* 
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queiiii> prriiiiia ihe con- 
dition of the fire to be 
examined without open- 
ing any fire door or in 
any way altering the con- 
ditions of operation. The 
plates composing the 
stepped grate are so dis- 
posed as to be outside 
the angle of repose of 
the fuel, which insures 
that none of the fuel will 
fall from the grate, lie- 
low the bottom plate the 
fuel rests on its own bed 
of ashes. Clinker, which 
has been p«»ked down 
through the holes F F in 
the top plate, can be re- 
move<l at the step grates. 
A small stream of water 
delivered onto the top 
grate plate overflows on- 
to the lower grate plates 
and keeps them cool at 
the same time that it 
supplies steam for gas 
making. The rotating 
charging valve is shown 
in Fig. 8; it insures that 
no air gets into the gen- 
erator as a result of feed- 
ing fresh coal. In the 
vaporizer shown in Fig. 9, 
the water passes in suc- 
cession down the inner 
and up the ribbed outer 
tubes from right to left 
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Fif . 11. Pinlufh Suction CM-Producer (or 40-!!i>ri«‘pi>wpr Plant* and Smaller 


Caurit*y oj Stagrr Engine H’orit*, /.iinninp, Mifhtgnn 


chamber with water seal C. D is the body of the prtKlurcr with 
charging hopper E. F is a tubular vaporizer aUtve which is the 
vent pipe G, U is a settling chamber. The air for the prcnlucer is 
drawn through F, in that way absorbing the steam formed in the 
vaporizef, and is th?n taken to the ash chamber by means of a pipe 
not shown in the illustration. / ia an ordinary tower scrubber filled 
with coke and supplied at the top with a spray of water. J is a 
purifier; the two shelves are filled with shavings, sawdust, or some 
similar material; as the gas passes through this, some of the impuri* 
ties are filtered out. K is an automatic regulator; it consists essen- 
tially of a tank of water containing the bell L, which is supported by 
die spring M, The object of the device is to make the actual time 



22 


8'as-proddcers 


of drawing gas away from the prcxluper of longer duration than the 
time occupied by the gas-engine piston in charging tiie engine cylin- 



12. Crow Section of Otto Suction Ga»>Pnxlui 
«/ Ofle Gat Engint W*rk*, Fkiiadtlphia, Fmn»z 
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cause L to move down and compress'tlie spring M. Just as soon 
IS the engine stops drawii\g gas, the spring M will draw L back to 
its original position, and the gas required to fill K will be drawn 
Irom the producer. In this way the process of gasification is carried 
on after the engine piston has filletl the engine cylinder. 

The prcxlucer shown in Fig. 1 1 , for* smaller powers, is similar to 
the above with the exception that the vaiM)rizer is an internal-ring 
vaporizer instead of an external apparatus. 



Otto Suction Type. The cross-scctional view, Fig. 12, of a small 
suction producer with a fixed grate is self-explanatory. 

Large Producers with Suction Furnished by Power-Driven 
Eidiauster. If bituminous coal is used in a gas-producer, heavy 
condensible vapors are distilled off. These, unless they are decom- 
posed and converted thereby into permanent ga.ses, will condense in 
the form of tar as soon as they arrive at a cool place. The hydro- 
carbons have great heating value; and if they are not utilized in the 
producer, the efficiency of the plant is lowered. They are, howcv v:, 
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a source of considerable trouble and annoyance. The tar must be 
separated from the scrubber water before this water can be per- 
mitted to go into a sewer; and if the condensation and separation of 
the tar are not complete, it will cause trouble in the engine by deposit- 
ing on the valves. 

Many gas-pro(lucers art designed for dealing with bituminous 
coal in such way as to decompose and partly burn the hydrocarbon 
vajjors and convert them into^ermanent gases. This can be accom- 
plished either by an underfeed or by a down-draft producer. 

Capitaine Underfeed: The Capitaine underfeed suction gas- 
producer is shown in Fig. 13. The coal is intro<luced at A and is 
then fed over to the center of the prwlucer by spiral conveyor B, 
which delivers the coal to the vertical spiral conveyor C; this, in 
turn, screws the coal up into the center of the fuel bed. The ashes 
are worked out through grates D, while the gas is withdrawal at E. 
The primary object of this design of gas-producer is to introduce the 
fuel in such a manner as to secure a slow agitation oi the fuel bed 
and also compel the volatile products of the green fuel to pass up 
and through the mass of superimposed incandescent fuel; in this 
way the volatile matter w’ill be converted into fixed gases. By 
comparison with Fig. 2 it will be seen that the distillation zone is 
under the*fuel bed in Fig, 13. 

lAX)mis-P€ttibone Bituminous Type. In the producer or gener- 
ator shown in Fig. 14 the draft travels in the reverse direction from 
that in any of the producers so far show’n, i.e., a down-<lraft producer. 
The fuel bed in the producer A is .supported on a series of interlock- 
ing fire-brick arches, which ser\'C the purpose of a grate. Above and 
below this grate are located cleaning and ash-pit doors, which are 
made of cast iron lined with fire brick. At the top of the producer, 
at the center of the cross section, is located a cast-steel water-cooled 
air-inlet nozzle provided with a aist-iron connection toUhe top of 
the economizer B, and provided, also, w'ith a swinging door to 
enable inspection of the fire. The annular space betw'Hjn the air- 
inlet nozzle and the fire-brick lining forms a fuel reservoir, which, 
since the draft is down, is simply provided with single doors for the 
introduction of fresh fuel. Any leak of air into the producer while 
the charging doors are open will simply take the place of air which 
Otherwise would come from the nozzle, and the quality of the gaa 
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will l)C affot'trtl only from the fa<‘t that no steam is admitted in the 
air that leaks throu^rh the o|H'n doors. 'I'he j;ases distill gradually 
out of the coal as it descends and is shovly iieatisi. These fjases 
pass tlimujih the whole depth of the fire, and are thereby heated to 
such temperature as partly to hum, and partly to decompose, the 
tar va|)ors. A firc-hrick-linnl conncc^on at the base of the pHsluccr 
leads to the economizer, or cornbimsl vaporizer and air prc-h«*atcr. 
The economizer, shown at li, is of tjic vertical retunvtnliular tyj)c, 
in which tlie liot pascs pass from the base upward tlironjih a lar^c 
central wrouj»ht-iron tube, the upper end of which is attaclied to a 
flanucd diaphraRin. Near the outer ed^c of this diapliraRiu is fitted 
a nest of return flues relatively small<‘r diameter, to conduct 
the hot ^jases downward to tlie outlet casting at the base*lea<linK to 
the wet scrublxT. 'I'lie central wrouj'ht-iron tube in the jssuiomizer 
is fitted near its upp<‘r end with a small basin from w Inch the water, 
fed in automatically proportioned (plant it i('s by the vacuum Ik‘ 11 
mechanism or water regulator shown at (I, flows down over the 
central tul)c, the function of which is that of a flash boiler. 'I'hc 
cool air, entering the base of the economizer shell and passing up 
around the tubes, carries along with it this cva|M)rated water and 
enters the top of the producer in a highly luated condition. The 
suction in the scrubl>er and vaixirizer is produced by t4ic cycloidal 
impeller“tyj)c exhauster /), which forces the gas from there into the 
gas holder F, from whence it flows to the engine as it is lU'ccled. 

\Vc8iinghoiuse Douhic-Zonr Sucllon Tifpr. Another metluHl of 
converting the hydrocarbons is to gasify bituminous coal in a doubh - 
zonc producer, an example of which is shown in h'ig. If). This pro- 
ducer is in reality comiMised of two producers - a down-draft pro- 
ducer mounted on top of an up-draft producer, with the gas taken 
off at the junction of the two. Coal is charged at the top through a 
suitable, opening in the water-cooled cover plate. Through this 
same plate air is admitted and drawn through the fu^l by the suction 
at the gas offtake. The amount of air supplied is insufficient to 
support complete combustion, but enough to cause coking, and the 
heat of this process distills the hydrocarbons from the green coal. 
As these pa.ss through the coking zone, they are broken dow n into 
the more stable methane, or marsh gas, and carbon. Before the 
fuel reaches the level of the offtake, the available oxygen has been 
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consiimwl so that complete combustion is impossible. In the 
mifldlc of the producer, there is, therefore, a body of unbiirned coke. 
As this passes farther downwunl, it reaches a zone to which air is 
supplied from below through a tuyere and the coke is then gasified 
as in any ujxlraft pnxlucer. As the air pass(‘s upward tlirough the 
lower part of this zone, complete coinbiistiun takes i)lace, resulting 
in carbon dioxide but as this gas rises, it unites with the carbon 
of the hot coke and forms carbon monoxide, (V. As the carbon 
monoxide is formed, it passes to the olftake where it mingles with 
the gases descending from the upper fire zone. The ash resulting 
from the combustion of the coke passes through the open bottom of 
the producer shell into the water-sealed ash pit. 

Large suction producers in which the suction is furnislicd by 
an exhauster arc also built for the gasification of anthracite. 

Loomis- I^cttibofie Intermittent Tj/ne. The pnalucer shown in 
Fig. 1() is de.signed to handle biiuminous coal and is of the inter- 
mittent type. In normal operation the ilraft is downwanl and 
producer gas is made. Because of the character of the fuel and the' 
itjcandescent zone necessary to fix the hydrocarbons, clinker is very 
readily fornusl during thi.s perhxl until it b<‘comes so bad as to inter- 
fere with the draft. The air is then .shot off frojn the producers and 
they arc blown with a steam jet, no air being admitted. This pro- 
duces pure water gas and is continued until the fire is chilled off and 
the clinker broken up into small particles and thus the resistance to 
the draft is nsluced. With a fresh fire the producer-gas runs can 
be of long duration and tbe water-gas rims of very short duration, 
but the longer the proclucer is run without cleaning out entirely, 
the shorter are the producer-gas runs and the longer the water-gas 
runs. The condition of the fire may get so bad as to allow prinluccr- 
gas runs of only ten or fifteen minutes and rwiuiring water-gas rums 
of as lunches a minute or two, whereas, with a clean fire, thepro- 
duccr-ga,s runs can be made as long as several hours and the water- 
gas runs seldom exci-ed tliirty seconds In normal oiHTution (pro- 
ducer-gas run) the exhauster creates a downward draft in both 
generator!, shown in elevation, and in 2, shown in section, with 
the top doors H and I, and valves .1, ii, (/, and I) open. When 
the producers ^rc lieing blown up to start, valve I), leading to 
the lioldcr, is closed and valve C, to the purge pipe, is ojKined. As 
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soon as the fires are thoroughly kindled, and during all producer>gas 
runs, steam is admitted to tlic tops of the generators by means of 
the pipes F and E, and is mixed with the air drawn tl ough the 
open top doors. The resulting producer gas is drawn down through 
the grates and ash pits of generators i and 2, and passes up through 
the vertical boiler, which act;j^ as an economizer by abstracting some 
of the sensible heat in the gas and generating steam with it to be 
returned to the pro<lucer. Tfec steam is mixed with air during the 
producer-gas run, and is used for blastingthc fires during the water-gas 
run. After leaving the boiler the gas is drawn under suction 
through the w’ct scrubber, or tower washer, passes through the exhaust- 
er, is forced through the dry scrubber under pressure, and from 
there to*thc gas holder, from whence it is drawn as necflcd. When 
a water-gas run is to be made, the top doors // and I and valve B 
arc closed, and steam is blown up through the fire in generator 2 
by admitting it to tlic ash pit by means of the pipe J. The resulting 
water gas and steam is blowm to the top of generator 2, from there 
across to the top of 1 by the brick-lined connecting gas pipe, dow n 
through the fire in generator /, and out through valve /I into the 
vertical boiler as in normal oix'ration. In alternate water-gas runs 
the valve -1 is closed, valve B remains open, and steam is intro- 
duced int» the ash pit of generator i by means of pijx; K. The gas 
holder is of sufficient capacity to mix the protlueer and water gas, so 
that the resulting mixed gas is never of a higher heat value than 
can be handled by the engine, and to insure that a charge of pure 
water gas cannot be drawn by the engine. 

The principal difficulty with this type of producer is the fact 
that it is not capable of continuous operation, as it must be shut 
down and the ash and fuel bed entirely drawn at intervals of about 
six days. Because of the high heat in the fuel bed and the high ash 
content of the fuel , ordinarily used, this is a very arduous task. 
This type of producer is used for both power and fuel-gas purposes, 
firing furnaces or kilns. 

PRESSURE TYPE 

Syracuse Bituminous Pressure Type. The producer shown in 
Fig. 17 is designed to handle bituminous coal for fuel-gas purposes. 
The charging hopper is so arranged that the gas given off the 
fresh fuel when fi^, and which contains most of the hydrocaibons^ 
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Hoes not pass directly to the hurnersbut is ro-circulatcd hiuI enters 
the fire with the main supply of air add steam. As the gas strikes 
the ineaiuleseent fuel, the hydrm'arbons are changed to a |K‘rma!ient 
gas which will not eoinlense in and clog tlie lines. 'I'he amount of 



Fi*. 17 Syr«cu»C! Bituminoiw Prmurc tlM-Producrr 
* CoMr<f*|r «/ SyncMit Industrial Ga* Company, Syrarunr, Ntw York 

gas so re-circulatcd is regulated by means of the valve showm at 
the top of the producer. 

An additional advantage b that the top of the fuel bed remains 
even and the heating value of the gas doe.s not vary when coal is 
fired, as occurs when the onlinary producer is used. A rotary grate 
is abo sometimes used in this producer. 



fig. 18. Section of Morgtn rontlnuoue OevProducer with Grorne Automatic Feed 
Covrfeay 0 / JHortan CoMCmchon CoMpony, Woretittr, iNtta c h viH I^ 
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Morgan Continuous Type. A j)ro{lucer whic li is largely used 
for furnishing gas to continuous-heMing furnaces ft)r supplying hot 
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coal out over the surfacre of ^the fuel as shown in the illustration. 
The steam blower is placed in' a horizontal position as shown. 





Il( ao. Swtioii of Standard Typo of Bu^»m Produear 
CowrtMy vi WW/oun-Soaior-irorpoa CompaAV. CICMiaad, OMo 

Crotsley Pressure Type. The English, pressure bituminous gat 
plant shown in Fig. 19 includes among its special features, a 
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revolving table or blast hooil, a dust xatcher, a cascade or baffle 
washer, a rotary tar extractor, a coke scrubber, and a wood-wool filter. 

Hughes Pressure - — 

Type. The producer 
shown in Fig. 20 has a 
revolving brick-lined 
shell with water seals at 
tlie top and bottom in- 
closing the coal to be 
gasifietl, an ash support | 
attached to and revolv- 
ing with it, carrying a 
blower supplying steam 
and air, and a water- 
<-ooled top plate with a 
de|)ending vibrating 

water-cooled poker. p,, „ 

Tn niu«r‘itiAn in- Showiiijt I’aih TBkon by W'uipr-Coi.Ud I'ukcr, Due 

in OperailOn, me in (.■ombimtl MuHodh v> Fuker ami Pruducer 

candescent zone of fuel r— 

rests u|)on a bed of aslies X 

extending from the ash ^JT , 

pan to a point ranging 
from 0 inches to 10 in- ^ 

dies above the blower ^ 

hood. The ineandcsccnt | f | / \ , 

zone is U) to 30 inches i » 

deep, according to the “T 

demand for gas and the ' 

consequent condition of . 

the fire. Over this the 
green coal in spread to a 

depth of 4 to S inches. ^ * 

The water-cooled 
poker, supported by the ^ t 

stationary top of the : 

producer and extending «- — 

through the green-coal Fif. 22 a*clion of WmeffkxjM Poker 

aHie and parUy idto the 
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incandescent zone, moves in an arc between the center of the 
producer and a point within a few inches of the shell lining. A 3 
the poker swings backward and forward, the producer shell slowly 
revolves so that the path in the fuel taken by the poker forms 
a series of ellipses, as shown in Fig. 21. By this means the bed 



Fl(. 23. Vertical 8«etion through Hilger Oao-Produccr 
CimrlMg of (3m Machinory Company, ClntlanJ, Ohio 

• 

of the fuel is maintained at a constant level and the formation of 
holes is prevented. A sectional view of the water-cooled poker is 
given in Fig. 22. 

Hilger Pressure Type. The producer shown in Figs. 23 to 27 
is one which has been very successful in Europe for steel-mill pui^ 
poses and is just being introduced into this country. The grate 
proper consbts of two parts; the lower part forms the ash pan and 
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supports the upper part, a star-shap^ distributing hood, shown in 
Figs. 23 and 24, through which the nv and steam are intnxluced to 
the fuel bed. The ash pan with the distributing hood is first rotateii 
in one direction for a desired distance and then back again for a 
somewhat smaller distance; this reversal prixluces an oscillating 
motion, and causes the fuel bed to be ‘constantly agitated without 
discharging more than the desired amount of ashes. The iH>nstant 



Fl«. 84. Horiu>ntal Swilon lhmM*h Hilgir Gat-Prudur^r 
Caurlciy «/ The Can Afaehinrrif Com/Mny, CUttluud, Ohio 


agitation prevents the formation of large clinker and black spots, 
at the same time keeping the fire open for the proper introduction 
and distribution of the air and steam. The mechanism for actuating 
the rotating grate is shown in Fig. 25. The grate is oscillated by a 
worm gear, driven by an eccentric roii through a counterweighted 
dog which flaps over by the motion of the lever. The ashes are 
automatically discharged by a scraper as shown in Fig. 26. The 
hiel-charging hopper and method of distribution are shown in Fig. 
27. When the valve is open only a little way, the fuel is thrown 
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toward the center of the producer. By opening the valve wide, the 
fuel clears the side angles and |s thrown to the sides of the producer. 

Chapman Rotary Type. The prcnlucer shown in Figs. 28 
and 29 has the grate fixed (a water-sealed ash pit supporting the 
fuel bed), and the producer shell is in two parts rotating at different 



. AS MA' WIMERV CO , ■ s • ■ 

Fig. 35. Vww of liwUlUUoQ of nilger GM*Produe»n at Kolpttio, ftuMift 

CourUit 9/ TA* Gat Ma^intry Company, Ckt^nd, Ohia 

speeds, the upper part moving faster than the lower. The top of 
the producer is stationary and supported on three columns; it ia in 
the form of a water ^ray to keep the top of the producer cool, and 
supports the charging hopper, fuel chamber, and gas outlet. The 
revolving sections are supported by rollers, mounted in pairs oo 
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equalizing yokes, the side tlirust beiiw taken by separate rollers, also 
mounted in pairs on equalizing yoke|. The upper revolving section 
is brick-linctl and is st'uled at the top by a water tray fornHsI in the 
shell into which projects a ring which is an integral part of the top 
casting. The space between the upixT and lower revolving sections 




Fit- 29- Rotiry AhIi Ptn of Hilger Oao-Productf 
Covrtett of Tht 0<u Matkintry Company, Ctenland, Ohio 


is sealed in a similar manner. The lower revolving section is water- 
jacketed and is sealed at the bottom by the water-sealed ash pit. 
The upper and low^r sections are revolved continuously in the same 
direction, but at different speeds, by means of gears. This causes 
the upper portion of the fire bed to revolve over the lower, thus pro- 
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ducing a shearing action which prevents the formation of holes m 
the fire. 1'he charging hopi^r disc*harge.s into a stationary fuel 
chamlxfr, the bottom of which is water-cooled, and as the producer 



Kit ‘ 11 . Fucl-Chtrtint Hfippcr <>l Hilter OM-Producer 

C'uMfUit «/ Tkt Ca$ Markinrry Company. CUmland, Ohio 



Fig. 33- ChapwMitouuyOM-Plwdiiwjr 
Cgttrttv V CAaftMH CufMMniig Compmtg, Mmutt Vmnf, OWt 
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shell revolves, the rounded tip of this fuel ehaml)er spreads and 
packs down the top of the fuel hedi Any inequalities or holes in 
the top of the fuel l>ed are filled hy gravity hy the (-(miI (t)ntained in 
the fuel chamber. 

The inside wall of the lower revolving section and the outer 
etlge of the blast hood arc corrugated* and, since the blast IiwmI is 



r«. 29. Uwer Poftioti of Ckapmtn Gu-Pro4uccr, Showini A«h Eirrlor in Operttlon 
Couriety «/ Ckapman Snyineeriny Com puny, Mouni Vrrri4tn, Ohio 

• 

stationaiy, serve to crush the large clinkers and a.sh. The ashes, 
after being crushed, are forced up to the surface of the ash pan by 
three blades, or plows, attached to the lower revolving section. As 
fast as the iufhes come to the surface of the pan, they are picked up 
by the ash scoops which are also attached to the lower revolving 
sed^, and carried to the point from which they arc automatically 
swept into an ash pit or car, as the case may be, as^ in Fig. 29. 
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The blast is produced by a five-stage steam-jet blower which, 
together with the method of r«ulation, is shown in Fig. 30. This 
producer is made only in one size (10 feet inside diameter) and 
requires from 1 J to 2} horst‘power to operate, although 5 horsepower 
is sometimes requirt'd to start. 

Blue Water-Qas Generator. The producer shown in Fig. 31 
is an intermittent blue water-gas generator. The gas plant con- 
.sists of a generator, lined with fire brick, and 
^ ^ [ ^4 having gas connect ion.s at top and bottom, lead- ' 

» TP® iug into a vertical main. This main terminates 

1 r'if I at the top in a stack, and at the bottom is con- 

I n in B nected to the scrubber. Betweem the generator 

I M ijf fl and this vertical main are located the special 

I »^B gas control valves, which are arranged to operate 

n «! charging platform. Near the bottom 

1 L 1 ■I iw of the generator is located a blower connection, 

1 1 ^ ft fitted with a quick-opening valve, arranged to 

) t operate from the charging platform. The blower 

iJi % operates on high prcs.surc and furnishes an excess 

■ volume of air, thus shortening the time of blast 

I I and decreasing the losses. Steam connections 

I are made below the ash pit, and above the 6rc 

line, by means of diverging expansion nozzles, 
f I fitted with steam separators and traps, thus 

I ' allowing of thorough drying of the steam before 

j it comes into contact with the hot fuel bed, re- 

t I suiting in a gain in efficiency. 

I ‘j Fire is kindled in the generator in the usual 

I ' manner, with wood or other combustible material, 

and a layer of fuel is tlien charged in, and ignited. 
The blower valve is then opened, the tipper gas 
''**ve and stack valve being open, and, with the 
charging door closed, the ignited material in the 
generator is blasted to an incandescent condition. The blower is 
now shut off, and the stack valve closed. The steam is admitted, 
passes up through the bed of hot fuel, and out at the top as water 


gas, going over through the top connection into the vertical main, 
and down into the bottom of the wet scrabber, 
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In a short time, the fire becomes so cool that no more gas is 
produced, whereupon the stack damAer is o|XMied, and the air blast 
is again turned into the ash pit and tile fire brought to inrandescenev. 
Then the blast valve, top connection, and stack valve arc closed 
and steam is admitted alwve the fuel bed, through the upper con- 
nection, and comes out at the bottom^as w atcr gas, passt's into the 



Fi(C 31. CroM-Scriion of MJuo WitH r-fJa" l>rii.T*tor 
Courtr$\i of I’otefr and Mining MarMnrrg Companu, Mtlu'ftukn, 


vertical main, and so through the scriiblnTs to the holder. The 
object of thi.s reversal of .steam flow is to hold the fire at the Iwttorn 
of the l>ed of fuel. 

From time to time, between intervals of gas-making, fuel is 
charged through the charging door at the top of generator. 

BALANCED-DRAFT TYPE 

Both Suction and Pressure Used. Any pressure producer can 
be operated as a balanced-draft producer by installing an exhauster, 
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or exhaust fan, between the scrubber and gas holder—or engine, if 
no holder is used. Some typeAof the large suction producers could 
also be adapted to this princijilc by the installation of a pressure 
blower at the air inlet to the producer. Up to the present time the 
pressure type of producer fitted with a blast hood for the distribution 
of the air and steam blast is^the only one to which this principle 
has been applied. 

SPECIAL TYPES 

By-Product Qas-Producers. General Characteristics of Methods. 
All by-product processes differ in detail only. They all arc based on 
the same fundamental points; namely, a cooling of the gas after it 
leaves the producer, washing, and treatment with some reagent to 
precipitato the by-product. 

Ammonium sulphate is about the only by-prinluct that has 
enough commercial value to justify the additional expense required 
to save it, and its principal use is that of a fertilizer for certain soils. 
The sulphate of ammonia is formed from the ammonia in the gas. 
Nearly all coal contains some nitrogen, usually about 1.5 per cent. 
From one-tenth to two-tenths of the nitrogen in the coal will go 
into the gas in the form of ammonia. By the use of an excessive 
amount of steam the yield of ammonia may be increased very much. 

The ga»-producer is usually of the pressure type and generally 
very little different from other producers. The by-product features 
are introduced after the gas leaves the producer proper. The 
scrubbing sy.stem must always be large and CMnplicated; the by- 
product system is not adapted for small plants, and the additional 
first cost of the apparatus ncccs.sitates a large outlay of money. The 
operating expends will also be higher on account of the salary of a 
skilled chemist required to handle the plant, reagents for the process 
and laboratory, and the necessity of advertising the by-product. To 
make the plant a profitable investment, the revenue from«the by- 
product must be a considerable amount. 

Mond System. The Mond by-product system is the only one 
that has been used to any extent in this country, and it will now be 
described and illustrated. A diagrammatic section is shown in Fig. 
32; and Fig. 33 shows the producer, regenerator, and gas washer. 
R^erring to Fig. 32, A is the producer with wa^r-sealed ash pan R. 
"C it the air regenerator; the hot gas fronfthe producer is passed 
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through this and serves to pre-heat the incoming air, which passes 
through the outer compartment of the regenerator. D is a mechan- 
ical gas washer. A few inches of water are in the bottom, and as the 
gas passes through, the rotating paddles, or dashers, E throw the 
water upward arfd secure a thorough mixture of tlie gas and water. 
In this way a large number o^the impurities are washed out. From 



Fig. 33. Producer, Regen«r«u>r, Md Qu Weihcr of Mood By>Pndiwt Pluii 


D the gas goes to the bottom of the acid tower F. This tower is 
filled with checkerwork, and diluted sulphuric acid is introduced at 
top by the pipe 0. As the gas goes upward, it is brought into inti- 
mate contact with the add 'and this acts on the small percentage of 
ammonia in the gas, forming ammonium sulphate. Thu sulphate 
of ammonia solution collects at the bottoth of f and then drains to 


C.AS-PRODUCERS 


47 


the tank I by moans of pipe H. ./ is a oiroiilating pump which takes 
the liquor from / and delivers it to. the top of F by pii>c (!. 'Dk* 
liquor is circulated in this way iintil^it reaches a certain dc^'ree of 
saturation; then some of it is l)y-j)ass('d otit of llie system by pl|H‘ 

K, and a correspond amount of fresh a<id addttl to the tank /. 
The concentrated amnionitun snl|?hat« snlution is tlicn evaporated 
and the sulphate reduced to a soliti crystalline state. From the top 
of tower F the ga.s goes to the bottom^)f the cooling tower M by pijH' 

L, and then g(H‘s up and out through jnpe S. 0 is a pipe delivering 

cold water to the top of M. As this water trickles down through M 
it becomes heated by absorbing the heat from tin* ascending gas. 
The hot water from the bottom of .1/ is withdrawn by j)ipe /’ and 
double circulating pump Q, and then d«‘livered to the tb|> of the 
air-heating tower S. U is an air blower that furnishes the air to 
the priMlueer A. T is a pipe conne<ling with the Ixttiom of S. 
As the cold air g<K*s up through *S', it beermu's heated and .saturateil 
by the hot water from H. From the top of S the air goes to the 
regenerator (! by means of pi|)e If'. The eoki water {ollecling at 
the larttoiu of S is withdrawn by pi|)C T ami the double-eireulating 
pump Qt and delivered to the lop of M. From the description just 
given it will be seen that the water acts as ji heat carrier Inlween the 
gas-eooling tower M and the air-heating tower »S. * 

PRODUCER DETAILS 

The various methods of charging the fuel, sealing tlu? charging 
hopper, top and bottom, to prevent the eseaiw of gas while filling 
the hopper and charging the fuel, di.stributi<m of the blast by means 
of blast hoods, and location of gas outlets, tyjx*s of grates, sealing of 
poke- and peck-holes, etc., have Ijccn shown in the preceding illus- 
trations. • • 

Fir«-Brick Linii^. The design and usual metliml of in.stalla- 
tion of the fire-brick lining is showm in Fig. 34. A space of alx)ut 
an inch is left between the inside of the shell and the outside of the 
fire brick and is filled with some elastic, fire-n>sisting material in 
order to allow for the unequal expansion of the fire-brick lining and 
the producer shell and to prevent the leakage of air from the ash 
pit to the top of the fuel bed through the space in back of the bricks. 
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Regulation of Steam Supply. Any gas-producer to be operated 
efficiently must be supplied with the proper amount of steam, and 
furthermore no more steam must be delivered to the producer 
than it is able to decompose. If an excessive amount of steam is 
used, it will pas* through the fire without being decomposed, will, 
chill the fire, and add water wapor to the gas. In some cases the 
chilling effect may he enough to stop the process of gasification. 
If not enough steam is used, %hc fire will become hotter and the 
producer efficiency will be reduced. In a power gas-producer 

the quantity of gas made 
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should vary with the load 
on the engine. As the 
latter may vary in some 
cases from engine friction 
up to full load, it is evi- 
dent that the rate of gasi- 
fication must also vary 
through a large range. As 
a result of the conditions 
just mentioned, extreme 
care will be necessary 
in proportioning the 
amount of steam delivered 
to the producer to the 
amount of gas made there- 
in. Several devices in- 
tended to accomplish this 
regulation are iUustrated 


and described below. There are two t^^s of such apparati^ 
In the first type, the amount of steam delivered to the producer ia 
regulated by the varying pressure or suction on the prodde^. Ia 
the second type, advantage is taken of the fact that the best 
in the producer are obtained when the amount of ste^ dcHVered 
to the producer is that which the air blast will take up when .h^ted 
to the neighborhood of 150 degrees F. Consequently, the air blast, 
is kept heated to that temperature by means of a thermosUt* 

SmtfA Sttchon Regulator. The regulat^ shown in F»g. 35 It bi 
the first type and b appUed to suction producers of 
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although lately suction producers of large size of this make, in which 
the suction is furnished by an exhauster, have been fitted with ther* 
mostatic regulation in place of this*t>T)e of regulator. This figure 
also shows the heater for vaporizing the water and superheating the 
resulting steam and pre-healing the air by utilizingithe waste heat in 
g8S«engine exhaust gases. A is the iiJet for the exhaust gases while 
B is the interior of the heater. C is a thin, flat disk, around which 
the exhaust gases circulate and thl^ugh which the air and steam 



Fig. 35. SaetioB of Smith SucUoo Regulator 


pan. D is a shaft upon which the weighing vessel E is pivotally 
• sttpportetf.* is a rod connecting E with the vane (?. The air inlet 
ia curved with its center at D, J is a screw for adjusting the amount 
df water going through the orifice I. K is the water inlet pipe, and 
hi controlled by a valve. If more water is delivered to E than 
Ban pass oiit Uirough /, the excess is drained to Af by ah opening 
liot aluiwn in the figure and then passes out through the drain N. 
0 |l a counterweiidit to keep E poised in the position shown in the 
Ihiilteatioa* The qieration is as follows: 
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When the engine draws gas from the producer, outside air will 
rush in tlirnugh the air inlet to replace the gas removed. As it goes 
in past a it will eaust* this vai^ to be deflected and take the position 
iiulicated by the dotted lines; at the same time, E will be moved a 
correal )onding aifionnt and water will pass out of / and go <lown to 
the vaporizer below. \Vhen*the sucking action of the gas engine 
ceus<‘s, the flow of air in II will cease and the countenn’eight will swing 
E and®^ back to their normal position; just 
as s»>on as / comes back to this position the 
flow tif water will stop. The W'ater falling 
down on the hot disks C is converted into 
steam and swept on through by the move- 
ment of the inamiing air. In this passage 
the air becomes pre-heated and the steam 
sufK-Theated. At the next charging stroke of 
the engine the same cycle will be repeatetl. 
The amount of water delivered each time 
may be adjusted by means of the screw J. 

Syracuse Regulator. The regulator shown 
in Pig. 36 supplies water to the vaporizer in 
proportion to the load on the engine. There 
are no moving parts to get out of order or 
adjustment. Pipe B supplies water and pipe 
A carries off the excess not taken by the 
ri‘gulator. Pipe C is connected to the en- 
gine gas-supply pipe and pipe D leads to 
the producer. 

When the engine is idle, the water stands 
at M but when the engine is drawing gas it rises, due to the suc- 
tion, to some point 0. The water runs out of the slot shown and 
through pipe 1) to the producer. The amount of this wlfbr is pro- 
portional to the load on the engine. 

The regulator shown in Fig. 9 is of the same general type as 
that in Fig. 30. 

Fairhmd's-Morse Pressure Regulator. Fig. 37 b a diagrammatic 
yiew of a regulator in w hich el F is a glass U-shaped tube having a 
branch at H. C is a tank containing water maintained at a constant, 
j^redetermined level. D is a glass tube hav&g its lower end groimd 
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off at a more or less acute angle and the opening thus formed is sub- 
merged just below the surface of the mercury contained in the lower 
part of the l)-tul>e. The leg F at K %f the U-tube is (xinnectetl with 



the gas main. The operation 

is as follows : As the pressure 
of gas in the main varies, due 
to varj'ing demand for gas, 
so will the relative levels of 
* the mercury change, i.e., as 
the demand for gas increas<?s, 
the mercury will rise in the 
leg F of the U-tulw and de- 
scend in the other leg, uncov- 
ering more of the angular end 
of the tube D and thus in- 
creasing the area of the open- 
ing and allowing more water 
to flow from the tank C to B 
where it falls into the cup G | 
and runs to the vaporizer. 

Theapp»ratu»i9mountetl 

in a cast-iron liov with a wlass Fwrhook!-Mor»e SuclioD Ga-trodueer 

m a case iron DOX Wlin a glass CouHtiy oj FaiiUnkn, and Company, 

front, so that it is protected chicoyo, iiunau 

against breakage or from any interferena*, but is at all times visible, 
Smiik ThernuaUitic Regulator. A thermostatic regulator is 
shown in Fi^. 38. In this the thermostat A is placed in the air inlet 


n 
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to the pr6ditcer and consists of two copper balls connected by a 
dtawn-GC^pper tube. This thermostat swings on knife-edges C 
fonned oa the rod B which supports the thermostat through the 
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bracket /). The bracket is also provided with an arm on whldi (a 
mounted a sliding counterweight E. The balls are partially filled 
vith glycerine. The remaining space in one of the balls, on top of 
the glycerine, is filled with ether. The thermostat is balanced on 
:he knife-edges dt atmospheric pressure by means of the oounter- 
veight £. As the temperature of the air passing the th^mostat 
ncreases, ether is vaporized, displacing the glycerine in that ball 
ind driving it into the othei^ thus upsetting the balance of the 
:hermo3tat. The decrease in the amount of water is obtained by * 
1 funnel attached to the knife-edge rod B, receiving water through 
he valve G. Underneath the funnel is placed a box H which is divided 
nto two compartments by a knife-edged partition /. The box is 
so locatecTthat tl«e partition is directly underneath the funnel when 
the thermostat is balanceil. From one of the compartments a 
pipe J leads to the vaporizer and from the other a pipe K leads to the 
water seal or waste pipe. By means of this apparatus the water is 
diverted from the vaporizer into the waste pipe as the air is heated, 
until, when the air is too hot, ail the water is sent to waste. Aa the 
amount of water going to the vaporizer diminishes, the air becomes 
less heated in the vaporizer. By means of the hand valve 0 and 
counterweight E, the thermostat can be set ta maintain a constant 
temperature of inlet air to the producer throughout the range of 
load of the plant, and by means of the valve G the constant tempera- 
ture may be varied to a considerable extent. 

QAS-CLEANINQ 

Producer gas, in addition to containing condensible constitu- 
ents as shown in Table I, generally carries fine dust with it. 
Gas-cleaning is used synonymously with gas-scrublung and gta* 
washing and means either the removal of foreign constituents Ihmi 
the gas, or the removal of certain elements of the gas Cbllipositkiik 
that are undesirable for certain uses of the gas. Wattf is nearly 
always used in gas-cleaning processes. The object in gjijr . 

particular gas is simply to prepare it for some special kind 
work. No general rules can be laid down for tim Comtek 
that must be removed or the degree of purity required. ^ 

mary requisite is that the gas shall be adanted to its spedfie ir^ 
The highest degree of purity is required lor engiiie work; at the 
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same time the additional cost of cleaning the gas up to that point 
might prohibit its use for heating a furnace where some impurities 
would not have a detrimental effect. ^ 

Gases may be cleaned by means of deflectors, static scrubbers, 
filters, and mechanical scrubbers. , 

Deflectors. The deflector consists of an obstruction placed 
across the path of moving gas, and causes a sudden change of direc* 
tion of flow. This has a tendency t^ precipitate the fine dust or 
water globules carried in suspension. It is very similar to lihe 
steam separator used in steam pi})C3 to separate tlie water from the 
steam. 

Static or Tower Senibbers. .Static or tower scrubbers are those 
in which the cleaning is done by water in a tower. Thi^ class of 
gas-cleaning apparatus is divi<led into the following types: bubbling; 
impinging; hurdle; rain; and baffle. 

Bvbhling Scrubbers. Bubbling scrubbers are those in which the 
gas is forced down into a seal of water and then bubbles up through 
the water. Impinging scrubbers are those in which the gas strikes 
the surface of a water seal at right angh s to the direction of flow of 
the gas at high velocity and is taken off in the op|X)site direction. 
These two types of scrubbers are little used. 

Hurdle Scrubbers. Hurdle scrubbers are those in whiph the gas 
is introduced at the bottom, and water sprayed into the top, of a 
tower which is filled with coke or layers of wood slats, alternate 
layerf of slats being at right angles to each other. The object of 
this is to break up the water spray and to bring the gas into more 
intimate conta^ with the water. The scrubbers shown in Figs. 
5, 10, 11, 12, 14, 16, and 32 are of this type and need no further 
aq)Unition. * 

Rain Scrubbere, Rain scrubbers are tho.se in which no hurdles 
<Mf coke ate joed. The gas is introduced at the bottom of the tower 
and in its passage to the top is thoroughly washed by a fine mist of 
deseendtpg water. The water is broken up into a mist in various 
ways Mich as spraying by means of nozzles, breaking the water up by 
meuis of revolving screens, etc. 

’ Reffie Scrubbers. Baffle scrubbers are small tower scrubbers in 
die water is caused to flow from baffle to baffle in a thin film, 
dde way the gas u forced to follow a zigzag course through film 
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after film of -water and cannot ciiannel and escape unwashed. Baffle 
.serublwrs are shown in Figs. 6 and 19. 

Mechanical Scrubbers. iThc removal of tar from gas is one of 
the hartfest problems in connection with gas cleaning. The use of a 
tar-laden gas ir»gas engines will quickly gum the valves and necessi- 
tate stopping the producer gnd engine. This is the rea.son why so 
many gas-priKlucers for power purposes are using anthracite coal. 
This particular fuel, ])ro<lucii^f a gas practically free from tar, makes 
the problem of gas-cleaning an easy matter. However, there are* 
many cases where tfie high cost of anthracite coal prohibits its use 
for iirwlucer gas for power purposes. In some places the cost of 
anthracite coal is four times the cost of bituminous coal, and, since 
a ixiund ef the latter w ill make on the average as much producer gas 
as a pound of the former, there would evidently be a decided advan- 
tage in using bituniimius coal in a producer-gas power plant. The 
problem of the use of bituminous coal for such work is simply the 
problem of eliminating the tar. This may be done by the separa- 
tion of the tar from the gas or the use of a device that will prevent 
the formation of the tar. 

Tar. Tar is one of the products of the destructive distillation of 
coal and it is a very complex substance, made up of about two hun- 
dred coinpuunds, sonic of them so complex and hard to isolate that 
very little is known about them. The exact composition will depend 
on a large number of factors, the most important of which is the 
temperature at which it is formed. Coal tar has a specific gravity 
of aliout 1.15, a black color, and a very markad and disagreeable 
(xlor. It condenses easily and if brought into intimate contact 
with incandest'ent carbon it may be (;^nverted into fixed gases. The 
fact just mentioned forms the basis of all tar-<lestruction metllbds; 
that i.s, where the tar is broken up in the producer. 

The separation of the tar from the gas may be accomplished by 
an extensive tower scrubber or by the use of some form of centrifugal 
apparatus which will drive the tar out of the gas by centrifugal force. 
The latter method can be made fairly effective, but the former is 
adapted only for gas containing small amounts of tar. On the other 
hand, the centrifugal method requires close watching, and, in some 
ca^, considerable power to run the apparatus; neither method is as 
satisfactory as the complete destruction of -the tar in the producer; 
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if this is accomplished, the inevitable lampblack, formed by the 
process, introduces cleaning complications of its own. 

Cenirijugal Tar Extractors. CeAtrifugal tar extractors consist 
essentially of a disk, on either side of which is located a fan, running 
in a casing into which a spray of water is introdu^. This spray 
forms a seal at the circumference of the casing which seals off one 
side of the disk from the other. The cleaning action is secured by 
combination of the cleaning effect the mist wetting down and 
‘ enveloping small particles of impurities, and centrifugal force throw- 
ing the impurities into the seal from which they are washed into a 
pit through a dust leg in the bottom of the casing. The bubbling of 
the gas through the seal also has a cleaning effect. 

Theisen Washer. TheTheisen gas washer is describe! on page 
120, Gas and Oil Engines, Part II. 

Disintegrator IVasker. A type of mechanical washer more 
efficient than either of the previoiw two is the disintegrator washer. 
With this apparatus, less power and water arc rt‘quired and the gas 
is cleaned to a greater degree of finene.ss. This apparatus consists 
of a series of cages of ro<ls, blades, or vanes, the alternate cages 
rotating in opposite directions. The ga.s is introduced at the cir- 
cumference and is taken off at the center of the casing. The water 
i.s sprayed into the center of the revolving cages and is thrown 
from cage to cage towards the ciixrumference of the casing, and, 
being thrown from a cage rotating in one direction on to a cage 
rapidly rotating in the opposite direction, is broken up into an 
exceedingly fine mist which is distributed throughout the casing so 
that every particle of the gas is wa.shed. 

Every type of gas-cleaning apparatu.s in which water is used as 
the Cleaning agent serves also to cool the hot gases. Tower washers 
employ tnore water in proportion to the amount of gas cleaned, and 
are therefiote more effective as coolers than mechanical washers. 

Smith Spun-Qlass Tar Extractor and Qas Cleaner. The 
i^;>paratus shown in Fig. 39 is a recent development in gas-cleaning. 
With this type of apparatus the standard anthracite producer is 
used with bituminous coal and no attempt is made to fix the resulting 
tar. The raw gas, on leaving the producer, is first cooled to a point 
where tar vapors are condensed, by being passed through a primary 
cooler or condenser, from which the gas is carried into a rotary gas 
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pump or exhauster B which delivers it under pressure into the main 
C, It is then delivered through a porous diaphragm of spun glass 
E into the engine main F wheie a sump or separator G is provided 
in which the tar accumulates. The diaphragm must be sufRciently 
porous to permif the gas and tar to pass freely and is in the form of 
a uniform layer of glass wocj retained between two metal screens. 
Ordinarily, the thickness is about one<quarter of an inch and the 
diameter must be adjusted in%ccordance with the quantity of gas 
to be treated— ordinarily four hundred c\ibic feet per hour can be * 



handled per square inch of diaphragm area. No tar is retained in 
the diaphragnv, both tar and gas being discharged tc^dier, but in 
passing through, an important change in the physical state of the 
tar occurs. On the entering side, the tar exists in the form of a 
large number of minute particles, known as tar fog, while in paampg 
the diaphragm these particles are caused to coalesce so that on the 
discharge side the tar particles are of relatively large dimensions 
so large, in fact, that they can no longer be carried forward in the 
gas current and immediately separate out l^y gravity and drain into 
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the sump. It appears to be possible to secure any desired deRrec 
of gas-cleanness simply by regulating the velocity of flow through 
the diaphragm, i.e., the pressure mamtaint'd across the diaphragm. 
In ordinary commercial operation, it is fotind that a difference in 
pressure of from 2.5 to 4 pounds per square inch will clean the gas 
to such an extent that no disc'oloratioif will be produced on a white 
filter paper through which 30 cubic feet of gas has been passed. 

This is not a filtration process, since, for the best separation by 
filtration, the velocity must be low and the material separated out 
remains in the filter. No water is used in connection with this 
process except that required to cool the gas, and as a consequence 
there is no formation of tar emulsion— therefore the tar separated is 
practically water-free (less than 1 per cent) and may easily be 
burned. The gas must be cooled only sufficiently to completely 
condense the tar vapors, since any further cooling will increase the 
viscosity of the tar and consequently the resistance through the 
diaphragm— which must be a minimum. This process is not well 
adapted for use on gas containing large quantities of lampblack or 
from coals yielding a very heavy, viscous lar. It has, however, been 
used with great success with Ohio, Illinois, and Indiana high-volatile 
coals, and with lignite. ^ 

The theory of the operation of this extractor is not definitely 
known, but it is supposed that it is the result of some electrical action 
caused by the impact and fluid friction against the glass wool. 

This apparatus has also been used with marked success for 
cleaning gas made from anthracite coal, giving a much cleaner gas 
with a lower water consumption than can be obtained by other 
methods. * 

* PRODUCER..QAS PLANTS 

ComparUon between Producer Qas and Steam. The high 
fuel and Wkter economy of the producer-gas power plant is one of its 
strongest advantages over the steam-power plant The results oC 
the comparative tests on a producer plant of about 200 electrical 
horsepower, uid on a steam plant with a boiler of about 200 boiler 
horsepower and non-condensing engine, made at the United States 
Ceoiogical Survey Coal Testing Plant, are given in Table III. It 
shc^ be noted, however, that a condensing steam engine would 
hftve used 90 to 40 per cent less coal than the non-condensing engine. 
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(J. S. Oovcrnmcnt Comparative Test of Steam and Producer Plants 




• 

Wnlcr 
Kvapfirnted 
(r<ini and at 

K. 

Total Hht CoaL' sbii 
EucTHU-aL II. P. FKK HpOB * 

« 

p«*r poiimi 
f>ry Coni 
.Senm Plant 

SlcHiJi riant 

Gas- Producer 
Plant 

• 

Alalmm.'i No. 2 


4.08 

I 04 

Coloratlo No. 1 

7.21 

4.84 

1.71 

IIlinoiH No. ;] 

H.(M 

4.34 

1.79t 

lUini)iH No. 4 

7.27 

4.80 

l.76t 

Iiidiuim No. 1 

K.4.‘> 

4.13 

1.93t 

Iiirliunn No. 2 

K.02 

435 

1.55t 

Indian Torrifory No. 1 

S.B4 

404 

1.83 

Krnturky«No. d 

H.27 

4.22 

l.DOt 

Mitwouri No, 2 

7.98 

4.93 

1.71 1 

West Virginia No. 1 

8.9.'> 

3.<M) 

1.57 

WoHt Virginia No. 4 


3.02 

1,29 

Wwt Virginia No. 9 

10.09 

3.40 

1.59 

West Virginia No. 12 

9.90 

3.53 

1.50t 

Wyoming No. 2 

5.92 

5.90 

2.07 


* In gM'produccr plant$, this includes the rosi ronsutued in Ihe producer and the coal 
«<]uivalrnt of ttie steam used in operating the producer, 
t Gai-pro«iucer lioppcr loalcod during these tests. 


There is little tUffereiice in the coal or water consumption 
between large and small prtxlucer-gas plants. This is due to the fact 
that small gas engines may have practically the same thermal effi- 
ciency as large ones. The small producer-gui power plant can be 
operateil nearly as cheaply as a large plant, so that it is not necessary 
to use large units in order to get economical results. In many cases 
where the hmd fluctuation is large, much better results will be 
obtained by installing, say, four 5(X)4>orsepowcr gas-engine units in 
place of one 2(X)0-horsepower unit. Even a small produccr-gas plrfht is 
more economical of fuel and water than a large .steam plaiH. The 
economy of water of the producer-gas plant over the stean plant in 
cases where water is scarce or impure, so as to make it undesirable 
(br boiler use, is of the greatest importance. The gas-producer does 
not make any smoke, so that the producer-gas power plant offers a 
solution for the smoke problem. 

The labor in a producer-gas plant will generally be about the 
same as that in a similar steam plant, and it is easier to install me- 
chanical appliances for handling the fuel in t gas plant than in a steam 
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plant. The producer may be started after standing-by, in about 
twenty minutes, and can In* stoppw! instantly. 

The first cost anti cost of ri'pjirs will be about the same in 
pro<lneer-gas as in steam plants. Gas ennines tt)st slightly more per 
horsepower than steam engines, but the cost of tHc smokestack is 
eliminated. In small protlueer-gas pljints the cost is about one-tifth 
higher than in steam plants. 

In stca?n and protlucer-gas pl.fnts the steam and produn‘r 
*ga8 simjdy act as carriers t)f thermal energy. 'I'lie cooling of the 
steam will lower, and may entirely tlestroy, its thermal energy, while 
the ctHdiiig of the gas will simply decrease its volume and increase 
the thermal energy carrusi {ht cubie foot. I’his last sUtement 
refers to calorific power, only; siiu'C the sensible heat of tlft gas is of 
no use in the gas engine, the fem|M*rature of the gas as it leaves the 
prtHluccr should l)e very low. In other words, with pDducer gas 
the thennal energy carrietl by the gas /or the gas engine will imt be 
lowered if the gas is cooUhI. This fact makes it iK)sslblc to put in 
central pitMlucer-gas plants with long pi|H‘ lines to distribute the gas 
to isolatetl engines. It is c«>nse(|uentJy possible to build a large 
proilucer-gns plant at the coal mines and, \\\ place ()f shipping the 
coal to the various place.s of consumption, to pi|)e the gas to those 
places. 

The use of a gas-holder for storing the gas has marked advan- 
tages in certain cases. By this means, irregularitit‘s in the load may 
l)e taken care of withoiit any difficulty. lr» .some industries it may 
be desirable to have a small amount of gaseous fuel for heating 
furnaces— -forges, for example— and in siu h cases the ga.s may be 
taken from the same holder that supplie.s the engine. 

Vig. 40 shows a tj-pical producer-gas power plant. The holder 
is frequently placed farther away from the pnxlucer than shown in 
the illustifition; in fact, it may be placed on any area that is avail- 
able, regardless of immediate proximity to the producer. 

Growth of Industry. The charts of Fig. 41 show the incrca.se 
in the use of producer-gas pow'er in the United States in the deiiade 
1900>19] 1, both in number of plants and in the horsepower installed. 

In March, 1912, there were between 950 and 1000 producer-gas 
pow'er plants in the United States, ranging in size from fifteen horse- 
power to several thousand horsepower. Statistical data- from these 
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TABLE IV 

Summarized Data Relative to Produccr-Qas Power Plants in the United 



plants are given in Table IV, wiiieh classifies them according to their 
size and the kiml of fuel usetl. 

Special Uses of Producer Qas. Produc'cr gas has l>cen used to a 
liniitt'd extent for firing steam boilers, in Europe. It is not very 
good engineering practice and should abc used only in cases wl^re 
steam is retpiired in the process of manufacture; as, for instance, in 
steaming lumber. It will be much better to eliminate the boiler 
entirely in other cases and to use the gas directly in a gt# engine. 
In general, no diivct fuel economy will result from first gasifying the 
fU^l in a gas-producer and then burning the resulting gas under a 
steam boiler. 

Firing Ceramic Kilns. Producer gas has been used extensively 
in Europe for firing ceramlt kilns, but until the last few years 
has had a very limited use for this purpo^ in America. Several 
costly failiires have been made in attempting to use it, but these 
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have not been the fault of the system but rather were due entirely 
to the ignorance of the men who have attempted to use it. Producer 
gas has decided advantages for cc|^mic work, hut great care is 
necessary in applying it. The best results will be obtained in con- 
nection with continuous kilns. The use of prodipccr gas in kilns 
eliminates clinkering in the kilns, in^luces more uniform burning, 
produces better combustion, makes it possible to regulate hre more 
readily, secures a centralization of rfurnaws, and should result in 
• fuel economy. 

Firing Metallurgical Furnaces. The first, and, even today, the 
largest, field for the u.se of producer gas lies in firirjg metallurgical 
furnaces. It has been an important factor in developing the steel 
industry and has become a commercially necessary a<ljuiict of it. 

Producer Rating. It is customary to rate the capacity of pro- 
ducers in horsepower, i.e., a producer of a certain capacity will 
supply an engine of that capacity with gas continuou.sly, or at least 
over a considerable period of time. To do this, a certain weight of 
fuel per square foot of grate area must be gasifipd per hour. This 
weight, and the consequent quantity of gas generated, will vary 
greatly with the kind of fuel u.scd, and i.s at best an uncertain 
quantity. 

In the early stages of development in this codhtry, design 
followed European practice and brought about a great deal of trouble 
in meeting guarantees, and in some cases caused the entire failure 
of the plant. This failure w'as due to the fact that European builders, 
in making their guarantees, specified certain high grades of fuel, in 
which the ash rarely exceeded one and one-half per cent, while 
American coals contain a mqgh larger amount of easily fusible ash. 
Th?re is still a tendency to slightly overrate producers, which causes 
clinkerftig and other troubles if the producer is forced to its full 
rating foraany length of time, although satisfactory operation may 
be obtained while the plant is operating below rated load. 

The following rates of fuel consumption have been shown 4)y 
tests and practical operation to be allow'ahle for the various fuels: 

Anthracite, &-10 lb. a« fired, per sq. ft. of grate aurface, per hour 
Bituminoua, 5-11 lb. aa fired, per sq. ft. of grate aurface, per hour 
Sub-biUmunoua, 7.5-12 lb. aa fired, per aq. ft. of grate aurface, per hour 
lignite, 7-10 lb. aa fired, per aq. ft. of grate aurface, per hour 
PMt^Ulb. aa fired, per aq. ft. of grate aurface, per hour * 
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HmI Dit*. fuel Compoelllon. end Qtt Anelysle for BUumlnoue Cod 
•nd Low-Qradc Fuels 


Numbrr of trHlH avcrnROfl 

B.t.u. por pound 

Cu. ft. of gftf per imutul— yield W 


Founds per sq. ft - of fuel bcfl, nor hour 
n t.u. per cu. ft. of gjw— HtiiOflard.. 
Producer (cold) efiieienoy - per « enl 
Pound# of tar, WMit , ole., per ton of fuel 

Water not extracted 

Water extracted 

ComiKwit ion of fuel (|»er cent) 

Moist 

Volatile 

Fixed earbfin 

Ash 

Sulphur (separately determined) . . . 
Volumetric analysis of gas (per cent) 

Carbon dioxide 

Oxygen 

Ethylene 

Carbon monoxide, " 

Hydrogen 

Methane 

Nitrogen 


Rituntinour 

('o«l 

Sub- 

bituminour 

CobI 

LigniM 

Prat 

112 

7 

7 

1 

12.:{70 

9,910 

7,110 

8,130 

61 1 

39.3 

27.7 

30.3 

7.64 

11 02 

13 28 

16.2 

irii 

159 

161 

175 

74.6 

63.1 

62.8 

65.2 


259 

157 

240 

287 

224 


157 

66 

150 

35.7 

21.0 

32.8 

34.3 

29,2 

51.7 


394 

27.2 

22.1 

10.0 

11.3 

7.9 

5.2 

2.:i2 

0.90 

1.12 

0.45 

9.71 

11.16 

9.90 

12.40 

0.02 

0.12 

0.13 

0.00 

0.19 

0.20 

0.10 

0.40 

19.03 

17.52 

20.86 

21.00 

13.48 

14,41 

14.30 

18.50 

2.78 

3.64 

2.88 

2.20 

64.79 

52.95 

51.83 

45.50 


(Consumptions of lignite of more than forty poumis per square 
foot have been reported, but it is unwise to choose so high a figure as 
this unless the characteristics and action of the particular lignite to 
be used are very well known. 

A moderate rate of driving for all fuels is absolutely essential 
for continuous operation, since thereby clinkering is reduced to a 
minimum and, consequently, the producer can be easily clcaned^in 

operation. OF PRODUCER-PLANT TESTS • 

Producers for the gasification of anthracite coal havie«becoine 
fairly well standaitliaed. Until recently, however, the use of bitumi- 
nous and low-grade fuels was attended by troubles of various kinds. 
The progress that has been made in this direction points to the 
ability soon to use all grades of bituminous coal and low-grade fuda 
in producer work. The following arc the summarised results fr^ 
the Government tests at St. Lo\iis, Norfolk, an^ Pittsburgh as avw- 
aged and r^rted by R. H. Fcrnald. 
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TABLE VI 


Qas Yield of Coals of Different 
CalorlAc V|lues 


Approzimat* 
Cawrifto Value 
B.t.a. par Lb. ol 
Dry Coat 

Coal Paa 

8q. Ft 



OAa UNufca STANDAuq CAnpitionb 

Produoar 
Kflicianey 
* Per Cent 

Kuet HK1> fKB liOUH 
(.PUONbn) 

Perli)*«l Dry Fuel 

B ( t^. 

perf'u. Fl. 
Hiab Value 

Aa Fired 

Dry 

C aloiftr 
V.lue 
Blu. 

Yield 

Cu Fl. 

15.000 

5.64 

s.w 

13,3.50 

91.1 

1.53 

74.7 

14.500 

6.10 

5.02 

12,460 

80.5 

160 

74.2 

14,000 

6.45 

6.22 

10,890 • 

72 1 

1.52 

71.0 

13.500 

6.U7 

6.54 

10,070 

67.8 

1.50 , 

06.3 

13,000 

7.68 

7.30 

9,.360 

61.8 

1.52 

67 5 

12,500 

8.76 

7.84 

8,770 

.58.6 

149 

65.0 

12,000 

8.54 

7.09 

8,780 

.59.4 

148 

1 67.6 

11.500 

10.11 

8.88 

8,010 

.54.8 

146 

' 64.3 

11,000 

11.01 

10..53 

6,110 

45.9 

133 

52.5 

10, .500 

13.2G 

11.53 

5,790 

40.9 

135 

50.5 


Standard Cunditions: 62'’ P, and 14.7 lb. {mt nq. in* 


In Table V all results affertetl by the load factor are given for 
loads ranging only from 90 to 100 per cent of full load and no test 
of less than 30 hours is included in the average. It should be 
noted that al! the results of coal consumption are referred to the 
weight of the coal as fired. All heat values which have been chosen 
are higher values. 

In Table VI is given a classification of 103 coals condensed 
into 10 groups, the grouping being made according to calorific 
valye, each group embracinf a range of 500 B.t.u., the middle 
figure (A which is assigned as the approximate calorific value, on a 
diy>coa! basis, of the group. The duration of thd tests from which 
the resdlfh were obtained range from 29 to 74| hours, with an 
average duration of 48 hours. 

In Table VII are given typical analyses of producer gases made 
ffom the various fuels in the up-draft type of producer, while in 
Table Vllt the same sort of analyses are given for down-draft 
l^ucers. 

The quantity of gas obtained varies with the fuel used, with 
ihb type of producer plant, and with the method of operation. In 
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TABLE VII 

Up-Draft Pressure Producer Qas 


(PcrcetnaKes by Volume) 



mi^H 


n 

Frou 

Pbat 

Carbon dioxide 

. a>, 


9.S4 

10.56 

12.40 

OjWRftn 

Ktfiylene 

Carbon monoxide. 

. . . 0 , 

0.4 

0.04 

0.16 

0.00 

C,H. 


O.IH 

0.17 

0.40 

.(!() 

22.9 

1.S.2R 

18.72 

21.00 

Hydrogen 

..H. 

1.0.3 

1290 

13.74 

18..00 

Methane 

• CH. 

1.0 

3.12 

3.44 

2.20 

Nitrogen 

. .N, 

.'■ 1 . 0.2 

.0.0.()-1 

.03.22 

4.0.50 

• 


i()0.() ; 

100.00 

100.00 

“ibo.od 


Table IX is given the average yield of producer gas in cubic feet 
and B.t.u. ptT jwund of fuel, as obtained at the government testing 
plant at St. liouis (with the addition of values for coke or char- 
coal, and anthruqjte). 

The results obtained from some of the low-grade fuels are sum- 
marized in Table X. 

In Table XI are given soirie test results and total plant 
cfRciencies ^f gas-producers supplying engines, which have been 
previously reported on in Table XXIX, Gas and Oil Engines, 
Part III. 


TABLE VIII 


. Down-Draft Producer Qas 
(Percentages by Volume) 


CoNRTITHtNn 

From 

Bitcminovr 

Co*i. 

From 

LtOWITS 

T- 

Prom 
a a Prat 

(^bon dioxide CO, 

Owgen 0, 

Ethylene C3« 

Carbon monoxide CfO 

Hydrogen H, 

Methane CH, 

Nitrogen.. . Ni 

6.22 
' 0.13 

0.01 

21.05 

12.01 

0.40 

60.00 

11.87 

O.Ol 

0.00 

16.01 

14.76 

0.08 

56.37 

10.04 

0.41 

0.06 

16.01 

10.10 

0.66 

0083 


100.00 . 

100.00 

mm 
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TABLE IX 

Yield of Producer Qas per Pound of Fuel 


Cmakactu 

or Fcrl 

Yiklo op Uas 

Cu. Ft per 
\h. o( Fupf 

Hiohu Hbat 
ValvM or Gab 
B. ru.jitr 

Cu Ft. 

Hiaacs Heat Yaws 

or THE Uae 

Bj u pur Lb. of Fuel 

A» Firwi 

Dry 

An Finwl 

Dry 

Coke or charcoal..' 

85 

90 

1' 

140 

11,900 

12,600 

Anthracite coal.. 

70 

75 

j35 

9,450 

10,100 

Bituminoua coal 

60 

65 


9,120 

9,880 

Lignite 

36 

46 

I5H 

5,690 

7,270 

Peat 

30 

38 

175 

5.2.W 

6,650 


TABLE X 


Moisture, Ash, and Fuel Consumption for Low-Qrade Fuels 


Chasactxs or Fuel 

Moisture 

I>r Cent 

Aiih 

1'lt Ont 

Fuel Coneumed io 
th« Producer. Lb. 
M Fired per 

B u p. per Hour 

Bituminous— run-of-mine, 
slack, bone, and washcry 
refuse 

0.47-16.69 

13.88 

lU.63~43s74 

27.78 

1.10-3.98 

3.37 

Peat 



TABLE XI 

Producer Test Results and Total Plant Efficiency of Produces Supplying 
Qas for Engines Reported in Table XXlX,Qasand Oil Engines, Part 111 


<>— LOOMI8-PETTIBONK DOWN-DRAFT HUCTION 


Fuel < 

Produeer 
Kficicficy 
Per Cent 

Themul 
Hrekr 
Ilficieiiey 
P«r Cent 

eUsl, 

Xim 

a 

te 

VBlae 

B.t.«. ptr Lb. 

fUit of Gnifi- 
OEUua—Lb. 

per Hour 

CoMumptioo 
Lb. per 
B.hp. 
per Hour 


13,600 


1.34 

62.2 

22.0 

14.1 


B^LOOMIS-PETTIBONB DOWN-DRAFT RUCTION 


Fuel | 


ESSSSBHHnHHH 

0.97 

1.23 

1.36 

‘73.8 

Exeludini 

Includini 

24.95 1 18.4 

[ coke new fires 
{ coke fc^ new fires 


*tsiiwsBi tmtt$ m pees ase, Qw sad Oil Baatsei, Part III. 
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CARE OF A GAS-PRODUCER 

Formation of Explosive Mixtures* All piping end producer 
doors sliould be kept tight so ^at there may be neither leakage of 
gas out of, nor air into, the prciluc'er. When the 4 }roducer is stand- 
ing-by, great car(? should be exercised when making any opening 
into it, since, while it may apparently have ceased making gas, 
there may be gas being generated and heat enough present to cause 
an explosion with the inrush oi^tir through the opening. The pro- 
ducer room should be thoroughly ventilated at all times to avoid 
danger from gas poisoning. In starting up the producer after a 
shutdown or staiul-by the water should always be turned on in the 
tower washer after blowing up the fire and before throwing the 
producer <m to tl^ line. This is necessary because, during a shut- 
down, air may seep into the tower washer, forming an explosive 
mixture with the gas remaining there, which will he ignited by the hot 
gases from the producer if they are not cooled by the scrubber water. 

Proper Cleaning of Fire. The fire should have sufficient coal, 
should be clean, opd a fire- or clinker-arch should not be permitted 
to form. In cleaning the fire, care should be taken that the ash is 
removed from around the walls by poking entirely around the cir- 
cumference of the lining. If the ash next to the walls is not removed 
it builds up^ntil it forms a ring which reaches nearly to the top of 
the fuel bed and offers less resistance to the blast than the coal; 
more air will consequently travel up around the walls through the 
ash, in proportion to the cross-sectional area, than through the coal. 
The coal lying next to the ash ring will be rapidly burned out and the 
air which does not come into contact with the coal burns with the 
gas on top of the fire bed and lowers^the quality of the gas sent to 
the engine. If this is allowed to continue the gas will soon beoMne 
too poor to burn. 

Formation of Fire-/\rch. A bar should be run do\^ through 
the center of the fuel bed occasionally to make sure that a fire-arch 
is not forming. A fire-arch is caused by the coal partially cnkuig 
and holding up the fuel bed above it, while the ash below it it raked 
or falls through the grate. This condition can be discovered by 
running a bar down through the middle, which will meet with gfe^ 
resistance while being driveir through the i^h and then for 
remainder of the distance will meet with ifb rfiBistance. If it is 4!^ 
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wvw c u in lime the arch can be barred down and coal raked from 
glides to fill up the hole and the fire soon built up. If it is not 
discovered, the arch will burn up untilat gets so thin that it falls of 
its own weight, the blast will practicall} all blow through the center 
b .which there will be very little fuel and the gas will immediately 
become very lean, causing a shutdown. * 

Formation of Clinker. If clinker js formed it must be broken 
^ and barred down into the ash bed; if it starts to form and is not 
attended to, it may clinker entirely across the bed, shutting off the 
blast. Clinker also assists in the formation of holes through the 
fire by lessening the resistance to the blast around itself. When 
clinker is formed in any but a very thick fuel bed, it can be seen on 
looking down through a poke-hole because of the fact that it is at 
white heat If the clinker is located near the wall it will be built 
up from the wall and fused to the brick and must consequently be 
broken away from the wall. The first procedure, therefore, is to 
run the bar with considerable force down at the point of attachment 
of the clinker to the wall until the clinker is broken loose. It should 
then be broken up and barred down into the ash bed. 

Thin Fuel Bed. If the producer is one in which the fuel bed is 
carried thin, it must be watched carefully to see that holes are not 
burned through the fire. If this tends to happen, coal from a 
thicker part of the bed must be raked over the hole with the bar and 
then ash in the hole should be barred down. 

RaiMloC Bar. In using the bar it should not be kept in the 
fire m<»e riian a few minutes, since it will soon become red-hot and, 
if the producer is operated under suction, when the l>ar is pulled out 
the eiqdoaive mixture formed by the air that has leaked into the 
pokedioie,^wiU be ignited, with possibly disastrous results. The bar 
ahoiild be uwd for two or three minutes and should then be with* 
Imwn, cooM, and another one substituted. 

CbortatiM fai Water Jackets. If any part of the interior of • 
iha ptedoeer is cooled by a water jacket, great care should be taken 
is no cessation in the flow of the water. If the flow is 
jttned lor any a^reciable time, it should not be started again 
producer is started after being, out of action. If the cold 
^ ’ Is aSowed to strike the hot metal, which would ^ heated 
: j!; ^ water ceased to flow, it would crack the metal, woul^ 
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a replaocmont of the part necessary, and would wet the fuel bed, 
making it difficult to make good gas if the crack were not discovered 
and tlie water shut off. f 

Gas Poisoning. Producer gas, on account of the presence of 
carbon monoxide, is always poisonous. The carbon*nionoxide has a 
speeific toxic effect on the human system, and when inhalt*d enters 
into direct combination witb^he blood. The new compound formed 
is incapable of carrying oxygen to the ti.ssucs and is so stable that 
can be broken up only with great difficulty. The action is very 
insidious, and if the amount that is inhaled is small, the person 
breathing it may he made almost helpless before he is aware of it. 
By this time it is often too late for him to escape from the place 
where tfie gas is escaping and he becomes unconscious. The symp- 
toms are a sense of discomfort, with throbbing of the blood vessels, 
severe headache'^, the feeling of a tight band around the head and 
chest causing difficulty in breathing, giddiness, and great debility. 
In case of poisoning; the first thing to do is to remove the patient 
to the fresh air find, if he is unconscious, artificial respiration should 
be applied precisely as in the case of drowning or unconsciousness 
from eh'ctric shock. In handling a patient, .and while applying 
artificial gE'spiration, great care must be exercised to keep the head 
higher than the lower part of the body. A teaspoonful of aromatic 
spirits of ammonia in a cup of water should be given to the patient 
as soon as he begins to show signs of consciousness. 

A small bottle of aromatic spirits of ammonia should be kept 
on hand to use in case of gas poisoning. If the patient is not uncon- 
scious and is ofily suffering from a slight poisoning, the discomforts 
may be partially relieved by ocAsionally sniffing the bottle of 
spirits of ammonia. The discomforts may also be relieved by 
irinking cold beer or ice-cold milk, although nothing but*sleep wiU 
relieve the headache and giddiness. • * 

In any event, whisky should never be given the patient, as it 
tends to fix the carbon monoxide in the system. If the persoi 
attempting to attend to a patient, who has been entirety overoomi 
emd is unconscious, has had little or no experience with ga»>poiaQmli( 
cases, he should get the patient into the fresh air, send for a phy^ 
cian, and follow these directions as be^ he may, until the 
amves.'^ ‘ 
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